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Abstract

This study examined the effects of sprouted brown rice (SR), gluten (G), and hydroxypropyl-methyl-cellulose (H) on
the suppression of retrogradation in breads made with Korean wheat flour. An amylograph was used to determined the
pasting properties of dough samples made with Korean wheat flour and additions of SR, SR+G, SR+H, and SR+G+H,
respectively. In addition, a texture analyzer was employed to measure the hardness changes of bread samples left at room
temperature for 72 hours. Finally, the type of retrogradation was calculated by the Avrami equation. The results showed
that the addition of SR significantly decreased dough viscosity. However, the dough samples containing SR, G, and H
all displayed reduced cold paste viscosity and setback, indicating a suppression of staling. The bread samples containing
SR added to Korean wheat flour had increased hardness, but the addition of gluten (SR+G) reduced hardness. Upon
examining the bread samples stored at room temperature for 24 hours, itwas shown that the addition of G and H with
SR (SR+G+H) suppressed retrogradation. Finally, the Avrami model data indicated that the type of retrogradation varied
according to the addition of SR, G, and H. The breads made with hard wheat flour (HWF), WM, and WM+SR+H had
similar Avrami exponents (1.20~1.28), while those for WM+SR, WM+SR+G, and WM+SR+G~+H ranged from 2.7 to 3.3.
Overall, the combined addition of SR and H was considered effective for preventing retrogradation in bread made with
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Korean wheat flour.
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Bs, UZEIX}, A ECAE G2 HIER] E9] dH-EFe] drlE
t} =UHKim & Cheigh 1979, Lee et al 1988). %, A28
o] AA AZE opl} A MAE F2 FHE ¥=H
dho} 2 dkel A2 2 Mo 9| dnle A& E97] 93l
ZZ o] AR AR A oAE LH|F7] HEd
grnan g2yt o 10~15% 22 AR HFon
(Choi JH 2001). L 5}ol] t}& dol 2] Fel| XA (Kim, ef al
1988) 2ol A Aol gIRY A2 o] A=
H g3k, g, X o] JUdhae £3 HEE, &4,
Z7)A 5 B3 AR A7A Hol AU ol =2
ZTHKayahara & Sugiura 2001). E3}, ol &u| H7ire] A
i A4 skt et A 7E Bnd vl ItHKang ef al 1997).

who. A|7to] ZAzpglel] upel F2 A3t o] Lojvhedl,
ol2}3l A4S o] w3l (staling)e} 3T} whe] 3= VA
B-o] zpgd o]3l Wztel W i Fel|x] dojvt=s =8]F, 3
gk W3l U R ojF oz dodtiD'Appolonia & Mo-



18(3): 384~390 (2008)

rad 1981). W WF-&} =3l= AFes] B3t 7

g, 5, 3 HlaAd
YeH), k3 83 9L gdsle Zlo] 4
th =35 S8y SHoA BW

By
o

o
1o
folr
ob
o
k)
N

O
r>~l

r'\l ™ HU: mO
5

Gt Ha AR A Alele) R & B2} whA UL
oA |7} el dato g AR eFAA-L A H
31 A o] gt ARE AEe] 52 A3E A2
(Chung et al 2003). ©|Z 213} AvB|R}e] 71357} HoljA|n
FES 7R 2 FES FA Bt uebA Aol d -y A
7 59 A7HE B W =3 AAA 77 A3 2L A
TE°| X8=lo] StiKang et al 1997a,b, Kang et al 2000).
g, dul e} ol AnE Hrlgh AluoA] ol Huje] w
A Z77F R 8 9tk Michiyo er al 2004).

& dToM e A7l id o2 dol HujE HIsk $-
9 Aol o3l AL 97 AR FRUG Wl A
Z3ld 3 39 S28 BT =31 AAAZE Gum
T 5 2olM =31 A Aol 7 ARl ARE HAE hy-
droxypropyl-methyl-cellulose(HPMC) S AF8-3}9 1, O E &
gHEoll Aol o] ol Ar| Hrl=z Q1% Fuj a4 9 2
< RydMe] Ax S7HKang ef al 1997a)2 Hg35t7] &)
TS AMESt AW-E A 23T oA 2O TS o
&8l H7VEo] uE Aol 531 EAJS BAElT Texture
Analyzer& ©]-&38lq A7 7|7tol] ME A E=E =431 Avrami
2o s A3l HrlEd mE i J=E vlwslsin.
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Table 1. Formulation of bread samples
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1. ¥z

A A 52 D7FSanyang Co., Ulsan, Korea), 722
(Hamyang Agricultural Cooperative, Hamyang, Korea), o}
& v (Jayunnara, Gongju, Korea), & ¥(Bruggeman Co., Ghent,
Belgium), AL A(CJ Co., Seoul, Korea), MW (CJ Co., Seoul,
Korea), BFA]E-(Seoul Milk, Seoul, Korea), B|F3Hd &LE
J(Ottogi Co., Anyang, Korea)s AH8-3IH 1L, SAHXZEF
&l (Roquette Feres, Lestrem, France)¥} %] hydroxypropyl-
methyl-cellulose(HPMC, Sigma-Aldrich Co., St. Louis, USA)
Z AH8-Stith

2. Xjush Hed

S2do] ol HulE giAg B3-S A8t AACC
H(1983)0l Fote] 25 wHEH(straight-dough method)E ©|
83k Al 100 g8 pan©ll open-top FENS] A2 A=
sttt 2ol &nje] ARE-2FE Michiyo et al(2004)2+ Choi
TH 2001)2] At Aa}E uleh oz 20%2 st} Ao A}
g8 7] EZQ Y59 A8 ujg H|E-L Table 13 2T,

Aom AL k2 HkE7)| 9] bowl B3 12 quartdl] 2FH 4
W 500 g AFESIATE W57 & bench typed] 2F Wt
=7](Model A-200T, Hobart Corporation, Troy, USA)=A] 12
quart £32] A2 Bl dough arm(hook)s 7423}
o ALESIT aFF ABREY L& | FARS sk ¥k

(Unit:% flour basis)

Samplesl)
Ingredients
HWF WM WM+SR WM+SR+G WM+SR+H  WM+SR+G+H
Hard wheat flour 100 - - - - -
Korean wheat flour - 100 80 &80 80 80
Sugar 4 4 4 4 4 4
Shortening 4 4 4 4 4 4
Salt 1 1 1 1 1 1
Yeast 1 1 1 | 1 1
Milk solid nonfat 4 4 4 4 4 4
Sprouted brown rice flour = - 20 20 20 20
Gluten — - — 3 ~ 3
Hydroxy propyl methyl cellulose - - - - 3 3

" Bread samples made with following ingredients: HWF(hard wheat flour), WM(Korean wheat flour), SR(sprouted brown rice flour),

G(gluten), H(hydroxy propyl methyl cellulose).
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7] P—%@ﬂ & WA 2o water-base mixing "WH-& AF8-3} O = (To-T) /| (To~To) = exp (—kf") (D
Age} Aol 23T folA A= 53] whast A To~T; = (Tw=To) exp (—k")

fﬂ *F%"}%ll:} AEE V=78 A3l Wsd & 2% Ti = (Tw—To) exp (—k") 2)

27T, B FE 75%NA 2413 HEAZT 12 2E F 4t

= 169 g¥ ¥&3ta, T28)7] 8t 2087 3 2R ¢ A7)0 G 43 AIRH) F dolle HlER FEE

U B st do gol 60% <t 23t T&(RE 35C, 4
 FxE 85%)3Ith 71 200CE AFH] e 2E(Dae-
Young Machinery Co., Ltd, Incheon, Korea)oll 23} 2+ &7} &
52H V= pang FHEAY 37 EEYA A a1 208 F
F B Stk W 3717 45 E g panol| A 24
281 A Aol Wyt Ao 3 17)9] Wl EEAE Lo}
35C7F 2 w7lx] HL20A yzsldt

3. of2zOM =X

2w Alg o] opd 219 EA)2 Amylograph(Model 8001,
Brabender Co., Detmold, Germany)S A}8-8fa] A 31H o
™, Zt AR 65 g= 450 mLe] F7Fol ol dgds A=
sttt 2 222 3 £5E 75 pmeE S
Al L& 180 1.5TH 43 £22 1 2% 95T7)
2] ﬂ-é—z\]?ﬂt:} =7 57} 95Tl o|2W 95T AEj&
1583 FAIBIL ©hA] S0T7ER] 18 1.5TH ¥Zasch
Amylogram HATEX 33} 7|A] %, H1 JFx, HF HI,

B E, AR AEE AL ¥wEan

4, BAX &H

21mko] 73 %(hardness)= Texture Analyzer(model TA-XT2,
Stable Micro Systems Ltd., Surrey, England)& °©]|-83lq =
A3ATh ARE AZ F 1Y HH o2 447 2 -2(20+27)
oA BiEet] BASHHA 2t Al59] 7k WslE UL 2
o] ZHSIATHAACC 1983). WA o] UYL 32 FF
3] 25 mm 57| 2 Aetste] dk3ldiol] &2F3kvh 36 mm 3]
739 9153 =3 (plunger)= 100 mnymine] £E2 We] £
S FHE A5 T 25 mmolA 15 min7hR] 40% =315
o Aol wwE N A% F FE ¥sd 998 A
ot A 3 AT A3 AlY] FAxA tig 24x7F A H
F 4w AR89 A% Wsle vz HEAUT. Az Au
o] g d2A B4R7), &4, 4, HINE A9 &
A3k ¥k © 2 Texture Analyzer(model TA-XT2, Stable Micro
Systems Ltd., Surrey, England)E ©]-83t =% 31{ o).

5. Avrami 2.

A Alge] AR F 4U3e] A Fo| A WS E 2 &
Avrami 28] 283l 3} ST Z A28 tH Avrami 1939,
Chung et al 2003). Avrami 2]-2 TR} ZHo] AlAketdth).

n|el, ke £5 A, nE Avrami A, T 271739
AL, To.= o8R0 2 Fae] AIZt 3o Ax, T 9%
Az At 3o ALE JERATH

6. SAl Xz

Bagtel vlme EAHEAE At foldol e A
2 Duncan B¢ t}=H] W(multiple comparison)ll &3t
o)Al xtolE AAsINTE. Avrami 23 HE9 i, n, Txfke
T3] st A ()2 2 QF HEst & 55 ¥ L
g & AF, LS SRR 3l HAE FAENS )
At A A g o= SASZZTH(SAS Institute Inc., Cary,

USA, ver. 8.0)2 AM&-3l%tt
Znt o oF
1. 25 EM

AEEZ ALEH Y¥PIHWEF), $219(WM), $EE(WM)
of "o} Hu|(SR)E 20% H7Ie A, old &Y FFH(G),
AAMH) S H713 B35 otd2 a9 542 Table 29 2
t} WMe] 33} 7§A] 2=(Initial pasting temperature)~= 71.
3CE vk AWEHWEF) 66.4CHT %o, SRE H7lst
d 724C2 ¥ o= A8 B9tk £33, WM+SRY| 2
Fe(G)F AFMH)E 4 Akl s ‘IH—L; 3} WA &=
7} st o, 37 9E 85 2318 76.1T= 7VE =
A ekt ol2ld AAe AR $4 vuld 52 A}
3 2jme] A ZAME Eud vt J=v(Yun et al 2006), A
£ 427t ii}ﬂ-‘:—:—‘ﬂ] 83 SRS AR @A) F
Sto] AR QA 7 Ago] TAEo =N HAE AL &
37t AdE e AoE GAAY. 3 = (peak viscosity)T
SR-Z ¥ A% dA3] ZastAth o= SRo| ol $Hr
5o} 91+ gliadin®| Y} glutenin 5-9] prolamin¥e] T 3
Fe A 1 glutelinFo] o] FF-E o|FaL oA 2 2
FelY} o] WiFe ubt 12E AR Etr] wWEelr
(Kang et al 1997a). 4721 HPMCH)E ¥ 74-7° F1 A
=7F A velgEd, ole dde] 49 H5 vl we=t
Z 3o Aot Zrkelr] Y2 oAz ol |n| &
o) FFNO)T AFEE F/HE S R A= T
7} E37F et AR =3 L E 9dske 50C W
2} 1 X(cold paste viscosity)2} X|RF H E(setback)> SRS 3
7¥kAt @AEHA ok w3} A|A &I7E 4R FAH A
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Table 2. Pasting properties of bread samples by amylograph

Variables Samples”
HWF WM WM+SR WM+SR+G WM-+SR+H WM+SR+G+H
Initial pasting temperature(C) 66.4 71.3 724 70.1 71.6 76.1
Final wviscosity(B.U) 726.0 497.0 82.0 82.0 83.0 84.0
Hot paste viscosity (B.U) 525.0 338.0 67.0 69.0 69.0 71.0
Cold paste viscosity (B.U) 615.0 378.0 76.0 79.0 76.0 78.0
Peak viscosity(B.U) 940.0 677.0 71.0 75.0 76.0 78.0
Setback viscosity” (B.U) 201.0 159.0 15.0 13.0 14.0 13.0
Breakdown viscosity’(B.U) 415.0 399.0 4.0 6.0 7.0 7.0

D Bread samples made with following ingredients: HWF(hard wheat flour), WM(Korean wheat flour), SR(sprouted brown rice flour),

G(gluten), H(hydroxy propyl methyl cellulose).
® Final viscosity—hot viscosity.
Y Peak viscosity—hot viscosity.
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Zi 2 AM-E HFEHWE), $2R(WM), $-22(WM)
of o hﬂ; I(SRYE 20% H7Igt A, olo] &4 2F=(G), A
AMH)y= F7lete] Az 2o E2ld B4, 34,
N3A, AA, AE)E 245U HTable 3). BE FEo|A]
Algzte] ol ztol7} vebidrt. @(springness)? &3
d(cohesiveness)] 73-7- ARt AW E-Z AL-8-3F A1 WHHWF)©]
7 =A Yl f-elEa dol @n) AR we) vol
Ale B3 Ytk 849 ¢ SFH(G)eIv AFHH)
o) A WE R Bt =X ey 2R A%
=5 HI7HN gl Sk '
A (gumminess)$} 74 Z(hardness) &
43 2ol vj3) $e|d ol Ar| B3RS ALE3
7Y AWtd o 2 & 3k YeEhT vt g Az 4
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1) M Tlzol e A AT WSk

Az 49 AR A2 Foh423te) F3t Ale) Ax
3}E Texture analyzerE ©|-83tc] 57383 Z 3= Table 49}
gt 27 2% QLAHWHE AT DS A% b 2
Stom, A\7ke] AT Tt RE ARCIN A 271
deiglon 27k e chedl vt S awME
A8 & Aol EHFdHWR)EY A7t vi S7te)
A, B3 AlZte] AREFE Frleke e ERth
ci7]e] ol BR|SRIE H7He A A 27T 1
P} 2GS B/ Aol SRE A7HITIEHE WM

Nr

Table 3. Texture profile parameters of bread samples by TPA"

Samplesz) Springiness Cohesiveness Chewiness Gumminess Hardness
HWF 0.93° 0.82° 357.3° 385.3° 477.0°
WM 0.89° 0.66° 901.2° 1004.9¢ 1540.1%
WM+SR 0.86° 0.40° 739.1% 617.2% 1837.9°
WM+SR+G 0.85° 0.60° 576.0° 679.4° 1174.8°
WM+SR+H 0.84% 0.45° 1133.2° 1337.4° 3008.4°
WM+SR+G+H 0.83* | 0.45° 1335.1° 1608.8° 3508.9°

" Means within a column not sharing a superscript letter are significantly different(p<0.05, Duncan’s multiple range test).
? Bread samples made with following ingredients: HWF(hard wheat flour), WM(Korean wheat flour), SR(sprouted brown rice flour),

G(gluten), H(hydroxy propyl methyl cellulose).
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‘Table 4. Changes in hardness of bread samples stored at 25C during 4 days

Rotrlof RAEERELS

Storage time(days)

Samplesl) 1 5 3 2
HWF 274.1% 25.5 618.9+ 73.7 878.7110.3 930.5+107.4
WM 1092.7+230.6 1935.8+449.7 2482347403 2592.6735.9
WMHSR 1700.9+ 92.0 2846.0:£402.6 3654.3+496.9 4274446773
WM+SR+G 1288.9+364.8 1786.6:386.3 2325.9+651.1 2527.4+587.3
WM:+SR+H 2650.8+313.2 48412+398.8 5741.12431 .4 6350.12:680.1
WMHSR+G+H 2807.6+227.2 4403 4+315.5 5931.1£572.3 6620.3+431.7

Y Bread samples made with following ingredients: HWF(hard wheat flour), WM(Korean wheat flour), SR(sprouted brown rice flour),

G(gluten), H(hydroxy propyl methyl cellulose).

oz A AZIPe o] xS U T2 e
Sl Al ME =l F7MEE AR B, HF<
HPMC(H)E #7138t 7Sl 3|8 A=} Z7stdnt. o
© it oz JR7l SFRET $£E& 53k ARt
FHR R Zo] NiEFel SRS FE3] YA Fa)
37} Z3 0|2 Q) Ax% FUkee Al AR

o3t AEE AF xsle AE Exke] Q2% 3 13
o] dtgd oM AFe F4E AT F837 82t
e T4, ol 2o 20 op 2HRI o] v g, A QA
7], AR &%, T &F 9 AUt 2 TR 9
& W=t Chung ef al 2003). ©]2 3 Ao w38 &34
ste Hie 2] 7kx] o] AT £ dFde Az A
T A2AA 35T7A] WA Z] o] AxE VEez 4
2(20:2C)ell 24X B Fo] Hx W 2R 3= E
Ab&3glc(Table 5). ©] A% A 457l B& 8 vt
e AFe] Ade =3lert @A AHEE £ qives &
Aol slevt Az FRE A7 24X 7R 9] A= Halrt
71 @A Ueheg wsle] Hea Agicl 2 AEo
M WMHSRAGHHZY A& A3 H =7} 350892 7H &3t
o1} 247t Fo] AEE WMHSRHHZ} 7 B4 vebygo)
a3 235 WMHSRHGT) 0.97’ 2 718 =4 Jeld T,
SR= 7% A+ =3twrt B4 JEisieon AFE Hrst
2 =359 N 2IUF e

2) Avrami 20l ofst =5} B3

Aol 27] w3} £5 = 7] AR Wzl oA A
8151 21 K (Table 5), AW A|59] HF HAE FS Avrami 22
A gste] vAdY 3A BAE B = 509 Avrami
exponent(n) gt &3 3(Table 6), ©]| & A4 Ax =3
2ot ¥l a gk 232 Fig. 13} 2t} Armeo & Collar(1988)]
olgtd £% e =3t £5& YEh 1L, Avrami expo-

Table 5. Hardness and degree of retrogradation of bread
samples

Hardness Degree of
(g)z) retrogradation
Samplesl)
aﬁ‘z\)lhr aﬁf(ng B-A  (B-A)A
HWF 477.0° 900.1 423.1 0.88
WM 1540.1°  1916.6° 376.5 0.24
WM+SR 1837.9°  3055.8° 12179 0.66
WM+SR+G 1174.8° 23186 11438 097
WM-+SR+H 30084°  4951.1° 19427 0.64
WM+SR+G+H  3508.9°  4551.1° 10428 0.30

" Bread samples made with following ingredients: HWF(hard wheat
flour), WM(Korean wheat flour), SR(sprouted brown rice flour),
G(gluten), H(hydroxy propyl methyl cellulose).

? Means within a column not sharing a superscript letter are sig-
nificantly different p<0.05, Duncan’s multiple range test.

nent(n)< A3 A A1 D ZAA A S ol ¢
Zdle B39 g veldc). dukA 02 Avrami A9 3t
o] ZA-2F g /do] A A= 3R] FI FAT AJH
g fFAIgE ou 2 AR 4 IthKang er al 2006). nék
2 WM, WM+SR+H #ke] 1.20~1.28 FF2 & JZTHWF)
9] 129} §AH $F o2 VERET, WM+SR, WMH+SR+G,
KW+SR+G+H & 2.7~33 522 =4 Jelyc) ueid $
g 2o ol du| H7ME 3 =3 /A Ade gl
o HFY H7HE 3 =3 dAle U AU &
AT 2 Avrami Al 716 A4 2 ARo] B4 A3t
o} FARE FFo 2 YEPGTHKim & Chung 2007, Kang ef
al 2006). =3+ £E& YElfle §% A< (k)= Avrami A|
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o A 23S eIt S Aol 59543 =
371 Wkl = AL ojulgitt. ubabr, pgto] Fa kFkol 2
£ Z7FY WM, WMHSR+H7} WM+SR, WM+SR+G, WM+

Table 6. Avrami parameters of equation for crumb fir-
ming kinetic of bread samples from nonlinear regression

e

Samples To" To? n i R
HWF 2741 9046 1200 0.018  0.96
WM 1092.7 25375 1286 0011 096
WM+SR 17009 43477 2728  0.073 097
WM+SR+G 12889 2527.8 3378 0.046 096
WM+SR+H 26508 60456 1257 0.0l14 095
WM+SR+G+H  2807.6 6632.0 3.172 0.054 097

Y To : Crumble firmness of fresh bread.
® Tw : Final crumb firmness.

Y n ;. Avrami exponent.

Y k : Rate constant.

> R : Coefficient of determination.
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SR+G+HOI| Hl&] w37} A|detta 58 F vk 12y
Fig. 194 vpebt ulel 7ro] Avrami B3l ©Jgt =3} ¥
o] =& A|7HS WMHSR+H7} 7H WE 38 2 Yl
WM+SRe] 79, WM+SR+G7} 54, WM+SR+G+H7} 5€4 &
Vel on, WM KWHSR+HE & 22 3942 el
woh webd SR F7EE 13 S &2 HHWF)Y WMol H| &)
=3b7) WA dojuA| gt Hel VIR =3t A9E S &
olg 4= Stk HE AU7Ie A%, AFY % EfEe=
ANe] =32 XA o2 AR 1, AFE AHET =3}
AA AFANE FARRE EHE EAE & UAATHYun er aof
2006, Kang et al 2006).

AE % 29

ol Hu)(SR)S H7FeE FEE(WM) APl AjZoA,
d EFE(G), HPMC(H)S] 77t 2%2) =3}k XA w
A3 wotsty] Y3l Amylographoll A 33 &%, F
1A%, Awk AE, e Ax vl GEgE golR g
T

T3 TPAZ ol &3] ZEE FHd =g AHET,

HWF WM
8000 8000
g 6000 | g 6000 }
5 4000 | £ 4000 }
S 2000 | S 2000 f e "
O m‘ ? O L 1
0 2 4 6 8 0 2 4 6 8
Timeldavs) Time(davs)
WM +SRH WM+SR+G
8000 8000
& 6000 } B 6000 }
‘D i
.§ 4000 £ 4000 }
S 2000 t S 2000 w >
0 ’ ' 0 1 .
0 2 A 6 8 0 2 4 6 8
TiImel(days) Timeldays}
WM +SR+H WM +SR+G+H
8000 8000
2 6000 | 2 6000 | "
§ 4000 | § 4000 “/
S 2000 | S 2000 |
0 ' ' : 0 * , \
0 2 4 6 8 0 2 A 6 8
Timeldays) Timeldaysl]

Fig. 1. Hardness of breads with curve of Avrami equation.



390 AR - o155 -

Avrami A& HIAE 3F & o] &5t w3} A S
AFH g ¥ welE Tl Amylograph 542 243 A7 33}
I EE iR Tl WM AFE3EaL SRS AoV o}
2} FolA| = A B =3 G HE zH2 =2 ¥y
= W A& oy A 9S4 Sk A B
ATt 1 AEE SRE W RE A B AAF) 243
(ot i) w3t Y= whdshe W2k 59} setbackS 2
ot Au]&E HrlstAt @A sA wolxon, HF H & HWF,
WM, WM+SR+G+H, WM+SR+H, WM+SR, WM+SR+G &
o2 eyt Awhe] Az 39 24413 Fo] Ax W}
= WM+SR+G+H7} A2 A F 7P ko), 2447 39
BT WM+SR+H7}F A4 Vel a2y w315 s WM+
SR+G+H7} 231 WM+SR+G7} 713 =4 Yebdt}. Avrami
2% BN 23 =3 £5& e Avrami A n3 k3t
< WM, WM+SR+H ko] tiZT¢9 418 vhHd WM+SR,
WM+SR+G, WM+HSR+G+H 3t A Yelstt) natat kgt
o] 22 A% =37t AA"ETn B F U1 FEHIY &
23 =3t e s WMHSRHHZL 71 ZSitt. o) 3 28 Ax
ANA 2| Ao ol HulE Hrletg S uf Avizog
3 AE g3 giley, He 4 Aot Ale =3 A4
7L S E1E 5 Y-

o =
= ¢
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