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RS TT - REVEHBRBEZHE » BREET © f&& BBF ERUZRAVIBN0 - 5887
BREAAREERRAEMENABMAZERHMEE LT IFEAVEEE - WL B50 A8
BERRIEE B0 v REBREENE  MEFEE  MEE - B IBEBMHS,
L7135 B50 FHEZE © B10 URER/) o HiR » RIS AEIRNED - BRI
D} (Wheat gluten flour, WGF) » fj BBF E2 WGF {51554 5:1~ 5:2 & 5:3) » BB/ttt
8 WGF HRR 2B RE N E- 1B REIRE B10 7510 WGF 5:2 FFEEiERIERHRIA(B
+3)M8E > M B30 BIFE7RI0 WGF £ 5:3 [ 7 peEdsiR#E48E - B50 BURETRI0 WGF
53 FBBERFAMEIRIEIEE o YMDITHEREET » LURI0 WGF 5:2 2 B10 895/
L5/ - GiHERAIZL B10 7£E86 ~ BIK » ORUREE L0V SHERS » i B0 &
B30 J7x)0 WGF 5:1 ~ 5:2 £ 5:3 7 + SEAHMRIAN RIS MRBEEER » KN K
10 WGF &N o] iEAERTS FRREIOV AL ©
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Effects of Black Bean Flour and Wheat
Gluten Flour Addition on the Quality of
Black Bean Bread

Chiu-mei Hsiao™ Chi-ching Yang~ Tzu-ching Wang™

Abstract

This study was aimed to investigate the effects of black bean flour (BBF) addition on
the quality of black bean bread. The flour of breads were made with substitution of 10%
(B10) ~ 30% (B30) and 50% (B50) of BBF, respectively. The results reveled that gas
retention of dough was decreased as the substitute ratio increased. In the aspect of volume,
the bread made from B50 showed significant decrease. The results from color meter
indicated that lightness of B50 had the most obvious change. Meanwhile, the hardness,
adhesiveness, gumminess and chewiness of B50 were influenced the most, and of those on
B10 were the least. Thereafter, wheat gluten flour (WGF, ratio of BBF and WGF 5:1, 5:2,
and 5:3, respectively) was added to each of the above different substitution rates, the effect
of WGF on the quality of black bean bread was compared again. Results indicated that the
addition of 5:2 of WGF to B10 showed the volume was considerable well comparable to
white bread (control), while that of B30 required the addition of 5:3 of WGF to make a
considerable aspect to the control. An addition of WGF 5:3 to B50 still could not make the
volume considerable to the control. The analyzed results of physical properties showed that
the effect of addition of WGF 5:2 to B10 was the least. Sensory evaluation revealed the
bread added with the WGF 5:2 and 5:3 to B10 had the height scores on color, flavor, taste
and texture. With the respect of overall acceptance showed bread with B10 and B30 added
with WGF 5:1 ~ 5:2 and 5:3 were almost closed to those of the control. Besides, addition of

WGF could delay the staling of black bean bread during storage.

Keywords: Black bean flour (BBF), Wheat gluten flour (WGF), Black bean bread, Sensory
evaluation
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Mt EE Y EZFRONBEIFRNEE Uit - FER - IR (EWNE)ES
ZAIT - B AHER B EORE T2 m Bl | BRIt > a0 RS & g ho 2 G ry & =
NAKIFAEHICIE - 5 [m SRR - M & FI I B RN K » R FAYER
FREEHRE -

FHEA BAFEE R AR (Santiago-Ramos et al., 2018) » Hirp» R E S EAE ~ B -
ARG K e R 2 > A RIESRS - D20 - B mSHRER (5 » 1998) » BT [EE
INEabia b E G - 2018) » GfE Fl (isoflavone) ~ E.2%(saponin) & {75 2 (anthocyanin) 5
(Mojica et al., 2017a) » EHor » FE & EEE > genistein B8 3SR (#L > 1997 ; Fotsis et al., 1995 ;
Messina et al., 1994 ; Wei et al., 1995) ; H 5 /KR H 5B (hydrolyzed protein isolate) Hil2—f&
FREHAYIEMAEEYIAIR - AT AR (Mojica et al.,, 2017a) - RIALZAEFZR » HEAl{ELy
BanTHVE O B REDS(Mojica et al., 2017b) - [Ait - SR G EEH—HEE RAVARE B LR
1990 ; ## » 1994) - i HAZFNE W - Frifss tAIAHRR & /26 B (b (2 » 2019 5 #k - 2019 5 21
2017) - MERFEREIR PR ((UIEE ) - (5155 AR P B 2 PR > 1995) -

MR NBRES LIVEART & > e HzZEaE 2 a2 —(Gibson, 2018) - 7T %
AR BIANEYBTZE RIFA R LR ECE R (T » 2016) ~ FAE(E » 2017) ~ & (4 » 2017) ~ HEEEE(HH -
2018)FEFI A T FIFVEUE | - feAi B U EEIE T » (EFIRIEIRY R T SR O 4E 2R B 448 Y38 2
TEEZY(Sivam et al., 2010) - ifi S8 T A A MRS Er4E4E (soluble dietary fiber) Fil & T AR & 1)4845
(polymer network)(Xia et al., 2018) - 75 £bi5y n] gE Al CIHY E & R RHE S » ARHITE R G Brd
TEKH EATRE KK (pregelatinized waxy rice flour, PWRF) 2 i =40 14514 (Yang et al., 2017) -

KT E R LUE T (black bean flour, BBF)REU S 73 At B4 + =1 » M h A% (Wheat
gluten flour, WGF) » £&51H + 5] in/E 2 2% - #EMAASE e R T 2 (EAM: - (R AEH
ATEPRERACE T 2 S B BRI 2RI IR ERER - WREMA ISR EAE A FEIVEY) L BUEE S
HEEEENHEE @ -

8 MRERGE

— ~ MR R

T EAORHELTE = A (45— Rt VA (. B A Ay » 2= ) BBF (v e 3 9 (AR
Mg BB R S Rt 2Zrah) ~ M (RE B b TR AR A » 2Z16m) ~ &8k
THE(GE AT - ZILh) ~ FabiE(GiEA T - 210  BUSHIER R Glehe - JEE) - Bk
HCERAE - BEEREamRHT - B - TERHOE BB EE e mtii - &
{BRE) ~ B SREERS - SR s K LB G IR R B ant& > i) ~ ZKVE NI E & (Decagon
Devices-CX-2, USA)~ a7 (JUKI Model JP7100F, Japan) - & gE s Egif%(Model 4464, Instron Corp.,
Canton, Mass., USA) -
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AHTFELL 10 ~ 30 B 50%¢y BBF HUimAhkilyy - WGF (I & AHU A 2.2 0.2 % > FFLL
EEEE IRy T AR IAER, = (R BBF : WGF = 5:1 » 5:2 81 5:3)8df5 -] - WEAHHHH (8 - =)
Ebds - HEATEUREEER - o3I AE A S I ~ B8R - U - KER - KENE ~ WIS - R
B et R et - PR BBF ) WGF B+ =] /B AYZ2 5240 - DU T i BBF Rl & 5 ¥ £ =i
B - R0 BBF e FHELL 100 &t MK ZIRIIE Rl &2 63%  ARIAN
WGF ~ J45/11 10 ~ 20 B 30% BBF 4.2 770 WGF FuKHYFHEACTEFNZER L Frr » fE ~ B ~ 204
WERE RPN ST Z HE o EEBIIMHEE - S REitHEZ 5~ 1.5~ 1.5 81 4% > Jt4h -
A0 1% WGF RIDKE S 1.5% -

(Z) Rl

B T FVREAR R T A MR B R AR R FVRTEE E RO ARYE - R T ¢ SIEnE
FRESTEM R IR ~ 2DRE ~ KRR S A - BUR S @E R - BIRERHINAR
PHEL SN 2B IRRERT - RIS AGE » ARAE IR A 22 52 RIS B (P T4 Gl A =2 e
ARBI ] )3 TR SR - SR 28°C ~ IR 75%— 4 HIEIEEHE & 250 g—JRH » TR
B% 15 min—%AY > fR55—K - A& 4582 55 min » JRfE 38°C » JRfE 85%— AMEERE - DL
KA 160 B 200°C )5 30 min— i > A ATEN Ryl o

(=) — gk 240
17K HE
{#¢ American Association of Cereal Chemists (AACC) Method 44-15A (AACC, 1983) » £ F EFS
MITEE » D FEEIR(EERLY 55 mm » 518 15 mm) » FEEUER GG 2~3 ¢ » JRJE 130£1°C » B
[l 1h (CEIRDR) % - BNF2EEEs(desiccator) 24 » FLUHEE T RKFHE -

2. JRITHIE
{tt AACC Method 08-01 (AACC, 1983)fAET77ANIE Z - Hibkhn 3 g UAM s sP I ARG EE 8
TREAR 3 mL JECE 5 min 18 - [t 590°C HYMKABREPABER (L& - EIRDRIE - HUN BRI 2
Al > DAMERFAFE > stRIKTE -

3 HEHHIE
ik AACC Method 46-12 (AACC, 1983) - £ Kijeldah FH& [ 2 HIE % - FEHERREL 1 g Bl
AT > IIARE(BR R 25 mL JBHilg - FIFHE 0 E T T /3% 45 min £ 1 h - Sal% 8
177468 URESI A 20 ML 0.1253 N 2 H,S0, Jz 30 mL ZEB/KE NS BEEE T « 2815y
RS R I 4 Rn# A1 300 mL ZEE%/K K2 50 mL 22 50% NaOH » BEE[IZE 6% & 83K A7 150 mL
ZEERIE > Ry ZEBR5ERE © FF2L 0.1253 N NaOH 7RO E » FiTH NaOH 2 mL SB[ Fskk it
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EHEaEA N MEEAEEEGEGRE  Nx57) -
4. tHAEREHIE
A 7% s LA AE 55 (1988) 2 Hf 2 (L R B 22 A2 4E (China National Standards, CNS)4&5% 5036
F5R N6116 2 73 7% - RIEUEE absFE 3 g—48 AZEHEE — Y 100°C Z£H) (Soxtex System HT6,
Tecator, Sweden)—Z<HUFFHEEZ 1 h (103°C)—FzkE 2 Al -FFE - K FFIAFHETE

PEAER R AY = (W3-W2),/W1X100% =--rexrerrerrnrmsmnsmmmaneanaanss (€))

W3 = g7 53341 %2 5% £ £(0)
W2= Fedr2 £2(9)
Wi= fhs52 £ 2(0)

(m) @l R A BRTERVAIE

A IRRHY > TNINEE ~ BE ~ BERE ~ AKRERECT R R WGF SRR R i H B i
JEE% > HU 50 g ZEfEE A A ZIEHVER - HOslers P 7ok - SREAIERDREA(E 38£1°C >
HHEHRIE 80~85% o HAA (i el B H Al A Py PR A RS > DAL Ryl R e -

(h) BEXEAKERNAZE

1B T EHIRSTE
DI kT T~ 2 2 (sesame seeds replacement method) I & 1 5178 Sh S » Bl 471 15
R BENERNEST  EEIAZRF 258 LUERAES - B Z Rk DLE & & H 2 ok
AT RS RIS R ES TR R - SIHUREAE (B - 1995) -

2. LLAAE
BT+ FMEEEEE L P ARG EE -

A (omUg) = [#6 ¢ AAE (M) [H & £ R (Q)] s @

3K EEEB(LZHE
R T ERR ALY 25°C RS &R EIR BT F R e /K a8 bEe Bl M 1-29
DL 105°C ftfgizre 2 IR ELUME Ky &E - 8% » DOEEEFR -
4. 7K EME B HE
[E]_L A R o e KEEEEEE - B EINERES DR % > BERtmE > FIFK
JEMHIERRIE 25°C MHIE » =ZE® > DOFEEFETR -
5. fUEEM L HIE
[E] At B AR - DLEZE RN E N ER4H4% >~ hunter L, a, b {H - L {XFRBHFZ (lightness) > +a {X
4L [ (redness) ; -a (XF4%E (greenness) » +b (LFE = E (yellowness) ; -b XFEEE (blueness) -
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ML LIARAE 1151(X=80.46, Y=81.80, Z=91.61) i THIIER » #ETT /3 -
6. /& 3t | T 47 A7 (texture profile analysis, TPA)

L ERER IR (B 2 om) » F TS s st A T E s i oo 47 - BIEL 10 mm EAEEIFE
TEE - AR By 160 mmimin > BRGET S T5%EIIEIET - B - SR TR OB 4 - 515k
FLAVEEFE (hardness) ~ YZ 4 (cohesiveness) k% [ 3 /& (adhesiveness)(Bourne, 1978 ; Fiszman et al.,
1998) » =E® » DIEIEF T o WETEHEE (chewiness)BLfEEL 4 (gumminess)(Peleg, 1976) -
FEAh - WA 2E Maleki 5 A (1981) 2 U772 » GRS E L HFZ L (staling rate) - sHE A
T

g (%)= (BF 2 P BRSSP 2 A R )X100% -eeneee- 3)
7. E T
SE T ELF (1992) 7 1471t ER (hedonic test) » St =Z0E TmatadEs - el B Rz EA AR

JEVE STl R (3t 30 A) > SRIL > oIS L (05 ~ AHAK ~ ULk ~ MLV R s B RS R
REFEERFT > L 3 FoNIREAEE - 2 pFoNRAEE - 3 nRASE -~ 4 pRARA
ZE 5 IR EEATRR - 6 SR AREE 7 2RREE - 8 pFONRER R 9 1k
IR

(\) BEt DR E

SRERFTS > 45 SRS  (HFI4RET 1T 2% (statistical analysis system, SAS) > BB &AL »
HELT B R T Sy Mt (analysis of variance, ANOVA) » fi{# ] Duncan’s %8 H]E%(Duncan’s
New Multiple Range Test, DMRT)#E{ 775 E 4 EL#L -

2« BRE R

— » BBF MXEB A S AhdEM & WCF FMEHEERERERCEE

BRI R GRS > GESES PRV EFE - R - ERE2ERE - R
WGF a] 4l EAa s (i - 1999) - & DIAE BBF HUAR 28 Sy HE THE G4 2 froraE T 2 M
JE » A BBF HU 50% = R4ty 2 M HE £ i ¢ R% 60~90 min HARIAG P ase i s - Hekf
[FIRURER Z AR SR ARG A0 - & V-42 (8] 1A) > m]REEME E BT IRFFEIA G I > AT
RS REES IR - BRI e SRVt R M BB M AR A (R BEFT AR AR Y &R Bhik - DRIIEE
A A R A 1T 2 B R I A GRS BBF HUR Z i > JfEAy R iafad M
HE e FH R P R DS R A S B A R I B e 2 2 SR BG - BBF AR EIHYEC
5 Z RetAliEE WGF IR A Mg = (18 1A~ 1B B8 1C) - BUREE H'E & B s KA
Herfr > 10% BBF HUR7R0 5:3 WGF 2 50% BBF HUf U4 5:3 WGF HYFCTT Z e fiE s B
A& - 1f 30% BBF HUCRIAN/N 5:3 WGF HIIBAIAHAHE -
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— » BBF &k WGF L BRIME S

(—) #gfE - ERMIERRAE

/NERG Gy TR AR S R 2 (RARBEST 0 T WGF R4l (R R TR E A E WV E 2
(He and Hoseney, 1991a ; 1991b) - 77511 WGF R] S AEHE (riAeE 17 - HEEZERIIERVERS © IR
SR ST E 15 FH KA (Czuchajowska and Pomeramz, 1993) - + SV BE iR 4E 2 B - BBF
A EHURER A B USRI [FEEEG] WGF iy + 5] 2§88 - R Pth AR G EREE R
WF 2 fior > Hef o BL10% BBF HUAZRFrEUGHY 1 5] >~ SR Bl IR 4H 225 (P > 0.05) 2252 » 1
DA 30% BBF Hif{#:E1 50% BBF Hi{{%:y B30 i B50 FréliGay + SIRefs » AIlELE iGaH A (P
<0.05)&54(F% 2 LEY) » BURE BBF HUAR(E 10%EFERATRZEA K - (HAUSSEE 300
RIERFIHIREE - Rl T R8I - DL BBF HUfX 10004k, SUASAY A B HERE 1% Al i 2 fefg - Hodp o
RN WGF Frédteay 1 5] 2 BefEtb B Ia4H # R ) 8% H AR (P < 0.05)72 5 7 4h » Hak B ik
F(P>0.05)Z=52 - AN 5:1 WGF & 2 BSfsk/V 3% » 7A8/0 5:2 WGF 2 it 5 il B S R 4 RS A A
& 0 NN 5:3 WGF IS H R4 3.9% » HELASTELE 4.17~4.99 7 » WS HEARHEIEH
alhe 2 H A B S TERT 34 (Sutton, 2002) » 14 ELASRELE /1 7A 5.6~6.0 2 553 /% 10 73> /17~ 5.1~
5.5 5 6.1~6.5 21557k 9.5 7 > /1Y 4.6~5.0 5¢ 6.6~7.1 21550k 9 4 » /1N 4.0~45 21557 F
8.5 53 1A 3.6~3.9 21557 & 8 43 45 SRS FRIANNN 5:2 B 5:3 WGF 2 155335 /% 9 43(F 2 BI0 ) -
1% BBF HUf 30%Z4#734H - AN I WGF # 2 Ba R/ 26.6% /73 115:1 WGF 2 it 77787V 19.5%
NN 5:2 WGF Z it 77k ) 13.49% » 7511 5:3 WGF 2 Bt J5 AR/ D T 12% - BRiAvfn 5:3 WGF 2 fi
4l Hb B BLEIRA A B (P < 0.05)7 B i fEEL A& A A BRI WGF 3 £ 3.50 (cm®/g) -
7048 8 7y LAY - HERBC 71570 B AE 8 73 PA (3% 2 B30 E%) - BBF HUfX 50%%iin4H S - #fGHY
T E 2 #EEIEE (P < 0.05){RA ¥ HR4HAY 40.1 ~ 57.1 ~ 79.6 }% 84% » HELAES A 1.85~3.84 »
{80 5:2 B 5:3 WGF Z it J7Rs (G 7 Ry 8 73 (3% 2 BSO B%)- ik 2 #EAIRG R ) 2 R el e 2
BBF HU ALy - T {EAms Hr AvEa s & 0 2 &) - I SRR -

Hitn & HE o 2R AR 2 LR R - A TSR LS B EN E & E
AR5 7N 2 IEAH A (Rubenthaler et al., 1992) - ARFE N3 - L EIAVAGTEEHEE BBF HU{
ZRAIEINT R D > B o] FEE B AR MR - R DL BBF ARV R BUE + FFATEERE (& 3A) > M
W& WGF By BBF AR[EHACR 2B - HESH 2 3 Hnayiss (& 3B ~ 3C B4 3D) »
It > B AT A W52 (Preston et al., 1992 ; Johnson et al., 1999) > 57 Byl & (18 & & Fy i 2 1
M B Y R S H RS R S R AR 1 -

(D)kEsE8KEMZEE

HrER G E B /K& 36.96~42.35% - [fiifvfN 5:1 ~ 5:2 B 5:3 Y WGF & B /KEMELY Ry
0.927~0.941 (5% 3) » /K& B G 7 R BB INA B M ES U/ Byl Es - i ACE M LY
0.002~0.004 - ¢ 1% iy f HI ] /K 3 & B Y 50 38 02 8 PR /K o3 J5E 98 1R Y s 58T 90 AT T 45 1
(Czuchajowska and Pomeramz, 1989) » [Alitt - #EHI A RE/E + Rl BN - (#KIARIESR - B4
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SN BRI S BT AR (5% > 1995) > WEEACEEZLRRAR - LEAh - it B H7KEREE G /K Z LR B
G BRI R AT - TR S R E (B (Sidhu et al., 1997)

(Z)BEZEIL

10% BBF Hu{CA ) Frd 6y + Sl 5eE (B Fy 54.98 > ELIIRAHIR(K 774y 14.6% - 1fi 30 Ed 50%
BBF HUCRATEIGE 2 7afE{E Ry 40.48 J 32.39 > S AIEEEHHRAHIE(K T 32.2% K 47.4% ([E 4A) -
A FREE BBF HURERANEID - L EE N > #EATRER BBF AGHVRAZBIC RECNE AE
o FrLURIIE G2 » SmEH O g AT e - =F& BBF R [EHYHU R 5 WGF R IIEH » WGF
NInEREE - soE e (E 4B) - =R [E BBF fYHURE K WGF fYRITER T 2 sofs B il
HIRMHARE(P <0.05)7%2 5% » MR T+ S =K 2 Se S EI RN (R 4) -

=« T EE S REIIRET

(—) 1t

el B2 DU B SRR AR 57 - 4SRRI FI B B2 (LR R — (B 5T - RS
ERTIFIRFFEIE I 2 M2 (LT 2568 - Ghiasi 37 A (1984) 8 $2 ! DURE A 2 BAACH BAH B 50 ) Bt
BELr - S E R LEREPUEAEHEATE —REEE — 2R =K M = RARE(RHR
W o AW Ry TR BBF HUCER 3 = ihAit ke WGF BRI - Sl (BRI 21 E - DA
BUGHY L E B By 100% - (RECHFIRISGHERE RV » 451 (B 5)8R - A BBF HUHE > =iAhAl
BRI WGF Frid{sHy £ =40 B10 ~ B30 Ed B50 fic /7 ALFT a7 - ATREER BBF HU
Sk HEEG TN R FTEL - BR(1983)5 t LUH Sk HUUET o Ay SR B0l - B HEER IR IR
Z A BT S P e 5 A B B SR B N e B PSR M BV - (B aRefE A~ e B
WAL - SR Z HAECTTRIAHE - B = KEA LS HTREER WGF HYIARIIARH > £ (Willhoft,
1971a; 1971b)f5 HAEAHAE HESR L =] E(LAVIEINA — - BT R A DI E 5O TRV E DL
AR E R RIE K -

(Z)TPA

bR T AR Y S R R B (R REE AN M B N E R EENRE
(MacRitchie, 1984 ; MacRitchie, 2007 ; He and Hoseney, 1991b) - B2 + S/EHEE 75 E » 10 ~ 30
Ei1 50% BBF “ [FHU QR84G3 B IR AH > iR L > v H 2L 10 B 30% BBF HUf CRFTHSHY
+E 2 BEREAE 57 H fy 0.189 J% 0.344 kg - Bl HEAH S 72 2( & 6A) > 1] 50% BBF HU{#F 2 1
EINE A = 1.196 kg - BHEALE 30% BBF BV 7 LB T =% 2 - WG B IR A 3
(P < 0.05)7% » 3H BBF &M= AN S Eis - HENFEK I 5E 2% BBF BV EME I -
WFhEE SRR o [T GEIRGE IRV - BERISRE S M - (S - &
PSR SRR - [ BIFE (1983) K 14:(2003) 7 43 Bl LA H S5 K LLIZE Ky B AR IR 9e 45
SAHIE © DL 10% BBF HUf(#(B10) KA 5:1 ~ 5:2 B 5:3 WGF 7 it J5 H v 7 H{ L FE (Bl 1
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A a2 (8 6B) - 11 30% BBF HUf(4(B30) kiavi 5:1 ~ 5:2 81 5:3 A[EEES WGF ZFLT7
HEPREFE(ERE WGF BRI N - (HELS ARG A B2 2 > 50% BBF HUUA KiAvfn 5:1~ 5:2
1 5:3 A EEEH WGF Z B T5H A 50% BBF HUfUA4:(BSO) B I A BIRE 2252 » HaRHlA > 5L
1> B L 50% BBF HUAGHR KA 5:2 WGF Z i 5 o Z i fEEE(BS0) BV 17 70.6% 38 R i Rkl
GERBURNAI WGF m[E (R &+ SIHIRENE - JRIA Ry WGF (i L SIHeRE A - # RS/ N
[E(E - =fe BBF A [E UM F = RIIE 20 - EiEE IR Ay A £+ w2
{B(#5) °

Wit J5TE > BL 10 ~ 30 £ 50% BBF HUREUGHY -5 Z L nE L H R EE 7A) -
TR EERR - Ll 10% BBF HUf A A Sy + =] 2 i B IR A S (P < 0.05) 2 2
{E 30 £ 50% BBF HUCHRATEIGHY - AIB S IRd A B E = 2 RN RE R 222 BBF g
R 7 B R D T (EAH AR Ry B E - DA 10% BBF BRI AN 5:1+5:2 8 5:3 A [FIELE] WGF
Z FC T3 Pt 6 4 =) 2 2 e S e e S ([ 7B) > 1117 30% BBF Hf(4:(B30);41 5:1 »
5:2 #1 5:3 A[FEEEH WGF Z FLU7 B IR AREL » B B30 7wl 5:1 WGF ZECH55h » HLak e By
AR et 72 (P < 0.05) : 50% BBF HUfCA(B50)i4v/0 5:1 ~ 5:2 B 5:3 A[FIEER] WGF Z B o
A B50 J N 5:1 WGF Z e J5 B IR A R 2 5 HaR Al - 50% BBF HUUAA /1 5:2 WGF
& ATBINIRAHANE > MM TREE WGF RIS KE Mg > MEEERRET - BEt
] S P M A s Rl S T R (B 6) » LA SR B 2= (2003) Fr i AR -

L1 10% BBF HUAU7s/0 5:1 ~ 5:2 Bl 5:3 A[REIELH WGF U0 5:3 WGF HYC 5 TSy
- F B IR SR R S HoER B BLTIRAH AR (P < 0.05)Z 5 - 1 30% BBF HUUAIA
5:1 ~ 5:2 1 5:3 K[FIELH] WGF FLT5 o B IRaH AR 2 F(P < 0.05) > 50% BBF HUHIFIN
5:2 ~ 5:3 NELLEI WGF ZFL 7 Ay L =] 2 FERE M BUA IR B 5 - HARAIE -

FEPIZEMETTTE > LA 10 ~ 30 £ 50% BBF HURATEUGHY + R B IR AHEE > S437 10 81 30%
BBF HUUCHRZ AR e I IRl A R 22 5 (HHUAREEE 5000 - P PR b (K (fE
8A) - 45 R BL{R(2003)HH AR BBF HYIRAIE AT M2 A &E R 2HY - BL 10 ~ 30 £ 50% BBF
HUAERIARIN 5:1 ~ 5:2 81 5:3 R[FEIELHI WGF 1 » BURA N WGF & S M g (& 8B) - st
"1 BBF 81 WGF BRAEIEARE - B 5 L =i E AN R G & i i sk (R 7) - 1t
45 SRR 2R (2003) AT Al E R[] -

FEREREMETTIH - PA 10 ~ 30 81 50% BBF HUf (A Gy + F] S S IRaH bh s 26 U 50%
BBF HufU#Hy B50 Sl ARIE =R (P < 0.05) - HEZEMEGE-E BBF BRIV ke
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K1 BYLFEIMEEETT

Group  Major ingredient Control 5:1 5:2 5:3
B10 High-gluten flour 90 90 90 90
WGF 0 2 4 6
Water 63 66 69 72
B30 High-gluten flour 70 70 70 70
WGF 0 6 12 18
Water 63 72 81 90
B50 High-gluten flour 50 50 50 50
WGF 0 10 20 30
Water 63 78 93 108

B10: Added 10% of black bean flour (BBF).

B30: Added 30% of BBF.
B50: Added 50% of BBF.
WGF: WGF flour.

Control: No WGF added.
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il 2 LA 10 (A) ~ 30 (B)¥H 50% (C) BBF HU RS A0 o 4w bk sl

A~E K| EBBF:WGF=5:0: B F K JEBBF:WGF=5:1;C- G K & BBF: WGF=5:2 ;
D-HKLkBBF:WGF=5:3-
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#*2  A[A BBF HUE K g5l A A Ee iy WGF Jit B10 ~ B30 i B50 As[i] BBF HX XA i #dfg
BH Rl EE - RN

Substituted Loaf weight Loaf volume \Volume score
ratios gf Weight (g) Weight Volume  Relation loaf ?/2?3:2; Score
BBF (%) I 1oss (%) (cm?) volume (%) 3

(cm°/g)
Control 218+6.00° 12.8 1038+45.37" 100 4.78+0.27° 9
10% (B10)  229+1.70° 8.4 955+40.31° 92.00 4174021 85
30% (B30) 226+1.11° 96 762+53.58" 7351 350+0.23" <8
50% (B50)  225+1.01° 10 416+56.41° 40.07 1.85:032° <8
(B10) ] A b
5:0 229+1.70 8.4 955+40.31 92.00 4.17+0.21 85
5:1 224+1.11° 10.4 1010+11.41% 97.30 4514003 8.5
5:2 223+339° 108 1033+25.45" 99.52 4.64+0.19° 9
5:3 220+8.49° 136 1078+49.10° 103.85 4.990.22" 9
(B30) ) b b
5:0 226+1.11 96 762+53.58 73.41 3.50+0.23 <8
511 223+2.01° 108 836+28.27" 80.53 3.74+0.40° 8
5:2 220£3.03° 120 898+44.57" 86.51 3.99+044° 85
5:3 223+6.00°  10.8 919+42.92" 87.96 410+042° 85
(B50) . ) b
5:0 225+1.01 10.0 416+56.41 40.07 1.85+0.32 <8
5:1 2074312° 9.2 593+10.44° 57.12 261+0.07° <8
5:2 225+2.00°  10.0 826:+44.44° 7957 3.6740.22° 8
5:3 226+4.10° 9.6 868+45.37" 83.62 3.84+0.50° 8

=dvalue in column followed by different letters are significantly different (P < 0.05).
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# 3 DL BBF AR RS B E LRI IRk 7 & BEUKE R 2 21

Storage time (day)

Formula

0 1 2 3
Water content
Control 39.73+1.41° 39.72+1.19° 39.67+1.21% 39.74+1.54%®
B10
é:o : 39.13+1.16° 38.99+1.42° 38.96+2.01° 39.31+0.67°
5:1 39.72+1.06° 39.60+1.52° 39.45+2.17% 39.57+2.27°
5:2 40.19+1.16" 39.90+1.18" 39.85+1.39" 40.01+2.64%®
5:3 40.58+0.98° 40.49+1.64% 40.43+0.89° 40.37+1.31°%
Control 39.73+1.19° 39.72+1.64° 39.67+1.06° 39.74+1.16™
B30
E5:0 ) 38.02+1.43° 37.98+2.67¢ 37.74+1.32¢ 37.65+2.61¢
5:1 39.65+2.06° 39.41+2.01° 39.38+2.13° 39.54+2.09°
5:2 41.01+£1.17° 40.96+1.97° 40.74+1.11° 40.80+1.47%®
5:3 42.24+1.12° 42.20+0.99% 42.09+2.17° 41.90+2.01
Control 39.73+1.29° 39.72+1.19° 39.67+1.02° 39.74+1.37°
B50
g:o : 36.96+2.46° 36.74+0.94° 36.62+0.68° 37.65+1.26°
5:1 39.60+2.41° 39.54+0.72° 39.41+1.38° 39.54+1.60°
5:2 41.63+1.64° 41.54+1.02% 41.32+1.63 41.78+1.24%
5:3 42.35+1.03 42.21+1.04% 42.13+0.43 42.29+0.68
Water activity
Control 0.940+0.002? 0.939+0.001% 0.939+0.001% 0.938+0.002%
B10
E5:0 ) 0.931+0.001° 0.931+0.002° 0.931+0.003° 0.931+0.006°
5:1 0.938+2.060° 0.938+0.002° 0.937+0.001° 0.937+0.002°
5:2 0.938+0.002° 0.938+0.002° 0.937+0.001° 0.937+0.002°
5:3 0.941+0.003? 0.941+0.004? 0.940+0.001° 0.939+0.001%
Control 0.940+0.002? 0.939+0.0012 0.939+0.001% 0.938+0.002%
B30
&(3:0 : 0.933+0.006" 0.933+0.003° 0.933+0.003° 0.931+0.006°
5:1 0.938+0.003% 0.938+0.002% 0.937+0.002° 0.934+0.004"
5:2 0.938+0.002% 0.938+0.004% 0.939+0.002% 0.937+0.001°
5:3 0.941+0.001° 0.941+0.002? 0.940+0.001° 0.940+0.001°
Control 0.940+0.002° 0.939+0.001° 0.939+0.001° 0.938+0.002°
B50
é:o ) 0.927+0.001° 0.927+0.001° 0.927+0.001° 0.927+0.001°
5:1 0.930+0.001% 0.930+0.001% 0.930+0.001% 0.928+0.002°
5:2 0.939+0.002? 0.938+0.001° 0.936+0.006% 0.936+0.001°
5:3 0.935+0.009% 0.935+0.002% 0.933+0.001° 0.931+0.007°

#dv/alue in column followed by different letters are significantly different (P < 0.05).
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Formula Storage time (day)
0 1 2 3
Control 61.56+1.45% 61.67+1.10° 61.80+1.16° 62.21+1.59°
(B10)
5:0 52.57+1.19° 52.86+0.82° 52.14+1.14° 54.02+0.34°
5:1 54.98+2.68° 55.16+2.21° 55.54+0.26° 55.37+0.17°
5:2 54.34+2.06° 54.50+0.25° 55.27+1.83° 55.30+0.29°
5:3 53.98+1.67™ 54.08+0.09™ 54.55+0.80™ 54.47+1.29"
Control 61.56+1.45° 61.67+1.10° 61.80+1.16° 62.21+1.59°
(B30)
5:0 40.48+2.89° 40.58+3.30° 41.65+3.21° 41.39+2.98°
5:1 42.48+3.28" 42.84+0.41™ 42.80+0.64™ 42.66+1.28™
5:2 44.12+1.97° 44.33+0.49" 45.37+1.01° 45.28+1.17°
5:3 45.09+0.82° 45.31+0.82" 45.28+0.73" 45.53+0.08"
Control 61.56+1.45% 61.67+1.10° 61.80+1.16° 62.21+1.59°
(B50)
5:0 32.39+2.20¢ 32.30+3.56° 32.38+4.31° 32.24+3.17°
5:1 35.79+1.27° 35.91+0.88° 36.14+1.03° 36.53+4.32°
5:2 38.34+1.49° 39.29+0.09° 39.90+0.26° 39.76+0.53"
5:3 39.76+3.27° 40.28+0.82° 40.54+0.54° 40.25+1.41°
“dvalue in column followed by different letters are significantly different (P < 0.05).
5 DL BBF A HURER WA G+ A i 7 I e g 2 524k
Formula Storage time (day)
0 1 2 3
Control 0.159+0.017° 0.168+0.006° 0.170+0.012° 0.185+0.021°
(B10)
5:0 0.199+0.054° 0.210+0.057% 0.217+0.066° 0.231+0.042°
5:1 0.197+0.052? 0.207+0.0272 0.207+0.024% 0.210+0.035°
5:2 0.184+0.058° 0.197+0.015° 0.204+0.018° 0.207+0.023°
5:3 0.144+0.031° 0.157+0.027° 0.162+0.032% 0.190+0.028°
Control 0.159+0.025¢ 0.168+0.014° 0.170+0.012¢ 0.185+0.021¢
(B30)
5:0 0.344+0.091° 0.352+0.011° 0.3650.021% 0.376+0.064°
5:1 0.299+0.048° 0.304+0.010° 0.307+0.014° 0.317+0.026°
5:2 0.254+0.056° 0.262+0.028° 0.263+0.014° 0.267+0.040°
5:3 0.229+0.038° 0.231+0.042° 0.23620.057° 0.240+0.057°
Control 0.159+0.025° 0.168+0.014° 0.170+0.012° 0.185+0.021°
(B50)
5:0 1.196+0.521° 1.207+0.289° 1.210+0.719° 1.358+0.615°%
5:1 0.970+0.359% 0.977+0.560° 0.983+0.353" 1.017+0.375°%
5:2 0.391+0.088"° 0.398+0.117" 0.409+0.042° 0.416+0.098°
5:3 0.351+0.094° 0.360+0.085° 0.371+0.056° 0.381+0.096°

#dv/alue in column followed by different letters are significantly different (P < 0.05).
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Formula Storage time (day)
0 1 2 3

Control -0.327+0.038" -0.345+0.007° -0.350+0.085° -0.355+0.078%
(B10)

5:0 -0.246+0.064% -0.250+0.061% -0.257+0.057%® -0.285+0.030%
5:1 -0.250+0.042% -0.255+0.035% -0.261+0.042% -0.272+0.035°
5:2 -0.170+0.057% -0.165+0.099% -0.179+0.106% -0.185+0.014%
5:3 -0.159+0.0712 -0.165+0.091% -0.170+0.092° -0.182+0.019%
Control -0.327+0.054° -0.345+0.007% -0.350+0.085%® -0.355+0.078%
(B30)

5:0 -0.444+0.021° -0.465+0.048° -0.455+0.021° -0.475+0.064°
5:1 -0.202+0.036° -0.220+0.028° -0.215+0.064% -0.215+0.021%
5:2 -0.189+0.058? -0.195+0.064% -0.190+0.049° -0.197+0.041%
5:3 -0.158+0.017? -0.168+0.007% -0.175+0.93? -0.180+0.014%
Control -0.327+0.054% -0.3450.007% -0.345+0.085° -0.315+0.078%
(B50)

5:0 -5.236+0.320° -5.125+0.658"° -4.830+0.509° -6.225+0.319°
5:1 -3.124+0.342° -3.140+0.465° -3.135+0.821® -3.170+0.543%®
5:2 -0.413+0.109 -0.435+0.098° -0.460+0.042° -0.458+0.035°
5:3 -0.159+0.1272 -0.165+0.174% -0.184+0.085° -0.188+0.107%

#“Value in column followed by different letters are significantly different (P < 0.05).

K7 DL BBF ARG B E 4 m]R ey I AR Tz 24

Storage time (day)

Formula
0 1 2 3

Control 0.285+0.016° 0.281+0.038° 0.264+0.017° 0.257+0.088°
(B10)

5:0 0.480+0.034° 0.478+0.049° 0.456+0.016° 0.447+0.850%
5:1 0.487+0.064% 0.485+0.021% 0.460+0.013% 0.452+0.032%
5:2 0.520+0.0572 0.492+0.048° 0.485+0.067% 0.489+0.013%
5:3 0.519+0.042° 0.516+0.032% 0.527+0.031% 0.490+0.016%
Control 0.285+0.016° 0.281+0.038° 0.264+0.017° 0.257+0.088"°
(B30)

5:0 0.462+0.042° 0.476+0.069° 0.471+0.047% 0.467+0.074%
5:1 0.561+0.0572 0.551+0.090% 0.557+0.072° 0.531+0.066%
5:2 0.564+0.042% 0.551+0.028° 0.556+0.026° 0.548+0.041%
5:3 0.597+0.054° 0.578+0.028° 0.573+0.045° 0.567+0.050%
Control 0.285+0.016° 0.291+0.038° 0.264+0.017° 0.257+0.088°
(B50)

5:0 0.331+0.051° 0.329+0.028° 0.321+0.015° 0.307+0.020
5:1 0.403+0.113" 0.404+0.120" 0.406+0.128 0.393+0.141%
5:2 0.533+0.071% 0.542+0.056% 0.529+0.042% 0.537+0.071%
5:3 0.565+0.042° 0.552+0.071% 0.547+0.0883%* 0.550+0.132%

#Value in column followed by different letters are significantly different (P < 0.05).
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Formula Storage time (day)
0 1 2 3
Control 0.046+0.007° 0.048+0.008" 0.045+0.004° 0.049+0.012°
(B10)
5:0 0.097+0.028° 0.103+0.013° 0.101+0.023? 0.101+0.016°
5:1 0.095+0.410° 0.099+0.170° 0.093+0.014? 0.096+0.002°
5:2 0.094+0.010° 0.092+0.018° 0.099+0.024? 0.101+0.014%
5:3 0.0750.020% 0.082+0.019% 0.084+0.022% 0.093+0.017%
Control 0.046+0.027° 0.048+0.008° 0.045+0.004° 0.049+0.012°
(B30)
5:0 0.159+0.023? 0.167+0.027° 0.167+0.021° 0.169+0.033%
5:1 0.158+0.019° 0.158+0.032° 0.161+0.0272 0.164%+0.035
5:2 0.143+0.021° 0.144+0.018° 0.146+0.017° 0.156+0.026°
5:3 0.136+0.0072 0.13640.023% 0.144+0.005° 0.147+0.029°
Control 0.046+0.120° 0.048+0.029" 0.045+0.042° 0.049+0.120°
(B50)
5:0 0.396+0.249° 0.397+0.121° 0.388+0.065° 0.417+0.057°
5:1 0.391+0.172° 0.395+0.145° 0.399+0.158° 0.400+0.081%
5:2 0.209+0.034% 0.215+0.073% 0.216+0.177%® 0.224+0.042%
5:3 0.198+0.067% 0.199+0.064% 0.204+0.073% 0.213+0.870%
#“Value in column followed by different letters are significantly different (P < 0.05).
9 DL BBF A HURER A5 2 5 A w] i iy 17 ) R e g 1 2 g (b
Formula Storage time (day)
0 1 2 3

Control 0.690+0.110° 0.709+0.120° 0.674+0.065° 0.726+0.132°
B10

5(3:0 : 1.453+0.427° 1.543+0.196° 1.513+0.343% 1.513+0.123%
5:1 1.424+0.573° 1.484+0.262° 1.394+0.203%® 1.439+0.0312
5:2 1.409+0.620° 1.379+0.268° 1.484+0.364° 1.514+0.213%
5:3 1.124+0.157" 1.220+0.283% 1.260+0.326% 1.393+0.254
Control 0.690+0.110° 0.709+0.120° 0.674+0.065° 0.726+0.132°
(B30)

5:0 2.384+0.258° 2.509+0.407% 2.504+0.316° 2.539+0.562°
5:1 2.314+0.361° 2.318+0.483% 2.363+0.398° 2.334+0.518°
5:2 2.144+0.263 2.158+0.270° 2.189+0.208° 2.339+0.496°
5:3 2.038+0.352° 2.069+0.340° 2.188+0.069° 2.203+0.423°
Control 0.690+0.110° 0.709+0.120° 0.674+0.065° 0.72640.132°
(B50)

5:0 5.936+1.125° 5.951+1.168° 5.816+0.980% 6.250+1.185°%
5:1 5.860+1.574° 5.920+1.176° 5.981+1.371% 5.996+1.210°
5:2 3.133+1.162% 3.223+0.279% 3.238+0.343% 3.358+0.626"
5:3 2.968+0.635% 2.983+0.232% 3.057+0.429% 3.193+0.646°

#Value in column followed by different letters are significantly different (P < 0.05).
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Crude fat

Crude protein

Carbohydrate

0,
Formula  Water content (%) %) %) Ash (%)
Control 39.63+0.31 2.85+0.03 9.89+0.04 45.11+0.26 2.52+0.01
(B10)
5:1 39.13+0.40 3.760.01 11.17+0.12 43.90+0.15 2.04+0.03
5:2 39.72+0.24 3.74+0.01 11.86+0.04 42.76+0.13 1.92+0.01
5:3 40.19+0.46 3.53+0.02 12.45+0.06 41.71+0.41 2.12+0.02
(B30)
5:1 39.65+0.12 5.18+0.03 15.39+0.13 37.20+0.32 2.58+0.04
5:2 41.01+0.37 4.81+0.04 16.84+0.30 34.66+0.13 2.68+0.01
5:3 42.24+0.19 4.49+0.03 18.10+0.06 32.49+0.07 2.68+0.02
(B50)
5:2 41.63+0.20 5.82+0.01 18.42+0.10 28.83+0.19 3.30+0.04
5:3 42.35+0.07 5.27+0.05 19.90+0.35 26.22+0.12 3.26+0.03

# 11 Bo+EERE N

Formula Color Flavor Taste Texure Overall acceptance
Control 7.49+0.10° 7.61+0.04% 7.19+0.06° 7.12+0.18° 7.15+0.13%
(B10)
5:1 6.42+0.07° 6.45+0.03" 6.58+0.14° 6.48+0.11° 6.69+0.06%
5:2 6.75£0.11®  6.88+0.02*  6.68+0.18®  6.76+0.09® 6.73+£0.12%
5:3 6.98+0.12®  6.95+0.06®  6.98+0.17*  6.85+0.08% 6.72+0.05%
(B30)
5:1 5.45+0.14° 5.55+0.05° 6.14+0.09° 5.68+0.12° 5.79+0.07°
5:2 5.98+0.07° 5.95+0.13" 6.25+0.03"  5.85+0.04° 6.05+0.12%
5:3 6.11+0.01° 6.37+0.12° 6.31+0.16™  5.98+0.06" 6.25+0.14%
(B50)
5:2 4.42+0.11° 4.57+0.11° 4.95+0.15¢ 4.36+0.12% 4.57+0.04°
5:3 4.90+0.07¢ 4.85+0.09° 5.18+0.10¢ 4.85+0.08° 4.7610.09°

#dvalue in column followed by different letters are significantly different (P < 0.05).

Color: 1-very dislike, 5-moderate, 9-like very much.

Flavor: 1-very strong, 5-moderate, 9-very weak.

Taste: 1-very hard, 5-moderate, 9-very soft.

Overall acceptance: 1-very dislike, 5-moderate, 9-very like.



