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Baking Properties of Bagel Supplemented with Rye Flour
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Abstract

The effect of rye flour on the dough-making properties of bagel was investigated. The pHs of strong
or medium wheat flour dough increased as the amount of rye flour increased, but slightly decreased in
according to aging time. Dough volume and specific loaf volume decreased as the amount of rye flour
in strong or medium wheat flour dough increased as long as 18 hr of aging. Specific loaf volume
showed highly positive correlation with protein content and sedimentation value, whereas it showed neg-
ative correlation with water holding capacity and alkaline water retention capacity. Peak time in Mixo-
graph analysis showed positive correlation with specific loaf volume. Specific loaf volume also showed
positive correlation with peak viscosity, minimum viscosity, and final viscosity. L value of bagel crumb
decrease as the amount of rye flour increased, whereas a and b values decreased. I, g, and b values of
bagel crust decreased as the amount of rye flour increased. Hardness, gumminess, and chewiness

increased as the amount of rye flour increased.
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Bagel> ZEE3 Fedo 7t S97FE 0~
30% FFo= IS AL Fig 19} o] AZEA
on, 71¥Z<] WiFES Table 194 2tk A Al
=2 A8 HkE7)(Sinmag Mixer Co., KOREA)E
ARESlo] 71RET 15, A EA] 28, F5olA 6
I Boh RkESglnh. o] WEE 1087 FAE £
. Moulder & Sheeting Roll (National Mfg. Co.,
Lincoln, NE, USA)& AR&-sle] AFs150H, 4°C
A 18A7F FRF AR ATl T 287 WA
713K 1HANE Sk 5E7E AZA)F|SL Reel Oven
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A59 53542 Rapid Visco Analyser (RVA,
Model 3D, Newport Scientific, Narrabeen, N.S.W.,,
Australia)ys ol-g-3te] EAIAT. &, AR 40 g&
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Bagel crust®} crumb®] AT = AT A (Model CR-
200, Minolta Co., Japan)& AME-3t L, ¥t 2
bars S5
HiZ=o| HIAY &4

AZF 9E=E 20 mm FAE el K7 &
oF A2ox Wztst F Texture analyser(TA-XT2,
Stable Micro System Co., Haslemere, England)&
ARESIe] 7% (hardness), B (springiness), 3t
2] (cohesiveness), %4574 (chewiness), 7/ (gumminess)
S 2339, AF-E plungers 27 2.5 cm, &
EE 1.0 mm/secE SR

BAE HAaT 31 o)ide] Azt

£ o]&3te] SAS (Statistical
Analysis System) 57 PackageZ ¥4HE4
Duncan®] THH$| A% (Duncan multiple range test) e
ARg-8ESA T

[}

ot
7(0[ pH
SHZNEE UM Bageld] AxE Y OS2
Table 10} VERd AF ¥&2 Flg 19] W=
zro] A|Z3HH ), A3 bagel WS 5°CoA A
4319w pHe W3S XY Table 29} ﬂu} 7

g Ee $Ewd s@beE dvkeisle A

SN2kl AARC EEWHA 7<47}%1 ’"‘ﬂﬂ
of wet pHrt S7Ft e, S e 27t
F7F A7NEA dke e % E—%%% pH 5.199]
A ZUIMEIE 30% F7FEAS rﬁ1 5518, S
< pH 521004 56302 foHoR F7 } 3l

Table 1. Baking formula and ingredient specifications

Ingredients Amount % (flour basis)
Flour (sifted) 100.0
Sugar (fine-granulated) 3.0
Salt 2.0
Shortening 3.0
Yeast 0.8
Water 50.0
Mixing 9 min
!
Proofing 10 min
i
Dividing 70 g
i
Rounding
i
Intermediate proofing 10 min

!
Sheeting & moulding
1
Aging 18 hr at 4TC
i
Tempering

!

25 min at room temp.

Boiling 2 min at 95
i
Drying 5 min
!
Baking 17 min at 240C

Fig. 1. Process of bagel-baking.
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Table 2. pH of bagel dough prepared from wheat and rye
flour blends during aging at 5°C

Aging period (hr)
Blend (%) 0 12 18 24 30
Strong flour Rye flour
100 0 519" 5.14* 5.03* 5.16* 5.01°
95 5 528 5.15% 5.11% 527° 5.04®
90 10 536™ 525° 4.94° 534° 509"
85 15 5.36™ 529° 5.17¢ 529° 5.12¢
80 20 5417 531° 520°° 539 5.16°
75 25 5.45% 5379 527% 546° 520°
70 30 551° 541° 532° 548 529
Medium flour Rye flour
100 0 5.21* 5.265* 5.06° 5.215* 4.86
95 5 533" 529% 5.11° 525% 496"
90 10 536" 5.32™ 523° 529™ 5.05°
85 15 548 5359 526° 534° 5.24¢
80 20 551° 537* 529° 541° 523°
75 25 557 540° 520° 5.44% 532°
70 30 563" 5435 5347 548 541f

UThe values with same superscripts in a column are not
significantly different each other at P<0.05.
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Table 3. Volume, weight and specific loaf volume of bagels prepared from wheat and rye flour blends at different aging

time
Blend(%) Volume (ml.) Weight (g) Specific loaf volume (ml/g)
Aging time (hr)
Stwong flour - Rye flowr—7 34 30 D 24 30 2 54 30
100 0 153£2.8"0 212410.6% 16743.5° 5840.0° 57+14* 56£0.7° 2.6310.1° 3.7320.28" 2.961+0.03¢
95 5 14945.6%¢ 182+17.7° 159+£0.7* 57+0.0° 574£0.0° 5610.7° 2.61+0.1% 3.20+0.31° 2.82+0.05%
90 10 14441.4% 17145.7% 155+7.1% S58+14° 5740.7° 58114 2.4840.1™ 2.9740.14% 2.68+0.19%
85 15 14240.7% 15743.5% 15243.5® 58+0.0° 5740.0° 57+0.7° 2.45£0.0% 2.7610.06 2.65+0.09®
80 20 13842.1%  15047.1% 149+4.2®  58+0.7% 57+40.0° 58+0.7° 2.36+0.1* 2.63:+0.12% 2.55£0.04%
75 25 13940.7°°  14948.5% 147+10.6° 57+14° 57+#0.7° 58+0.0° 2.44+0.1° 2.59+0.18* 2.54+0.18®
70 30 136+1.4* 142435 144+14* 572070 58+0.7* 58+2.1%F 236+0.1° 2.43+0.09* 2.4610.11°
. Aging time (hr)
Medium flour Rye flour——7 24 30 12 24 30 12 24 30
100 0 13030.7° 130X14.1° 13146.4° 5530.7° 574#0.0° 57+0.7° 235+0.02° 2.29+£0.25° 2.29+0.08°
95 5 1264070 125+2.8¢ 123£14.1% 55£0.7° 5940.0° 57+0.0° 2.28+0.02° 2.12+0.05° 2.16%0.25°
90 10 125+0.0%  124+1.4% 112413.4% 56107 57407 58+0.0° 2.21+0.03% 2.16+0.05° 1.94+0.23
85 15 12241.4°  10943.5% 108+27.6™ 5630.0° 56+0.7*° 58+0.0° 2.17+0.03% 1.93+0.08" 1.86+0.51*
80 20 12040.7°  91£5.0° 93+12.7% 57414° 5740.7% 5740.0° 2.11+0.04° 1.59+0.11° 1.63£0.22°
75 25 11142.1°  82+10.6® 83+27.6® 56+£0.7° 5620.7° 57+0.7° 1.97+0.06° 1.4620.27® 1.46+0.50°
70 30 10441.4*  60+7.1*  64+1.4*  574£0.0° 5740.0° 57+0.7% 1.8240.03* 1.0340.11* 1.50+0.51°

UThe values with same superscripts in a column are not significantly different each other at P<0.05.
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FAZ Uie H84E sHvERe] drkeol F718 < o] AdAEAE epliith Mixograph #49)
o we} fasteE AgE vEh itk o]t peak timeS ZHEF FHFE B Ve A
MES WAL SANE FPE SR F o ARRA08T2", =0883)F R A R
Vo] Zr1Eke] wek wiEe] Fu7) 7HAsg =T peak height®] 739+ ZHEAXN= 1w o 4
ZFERe] A9-olE 30% ol FAaEal 9 HAA(1=0.978")5 WP WHA el
AeolE 50% ol wASH Aashs ATE B AAlE=054yt W W52 o Fth RVA £
ok AEE AE £UNRE 0w B Aol Qoids BERe 3% 53 ANEEs v
e W Fel gaZol Wl Fout Wkgel  §AL JAARAY Y& LR UEd ww 39
15% ogolMe H7hgol F7lstole Fulo] ws) Fol iz Feo) A (=-0.749)8 BT
At Ragom g weth 47122 30 A EE, H2EE 3 AFAEE veNT ax
oz ZANRE AT BRI Bkl AABAE s
RN g wEe] Rk e O ¢ Rtk A7k LwEel 2R g 49 AolF 9
SN 7Y WE wisre] Fjeh Wlg-He] HAH vk oA, I Fhe] EF ZFEe] Yol B
o dsiEe A9 nw gAHeR 447100 18 2 Ao) & Aow WA u AW U
A sk wgHe] Pashe AFS et 1R LRUCH WEHES 20 mL olF, FHE
R i Eths F8o] Bue HlgA9 7+ 2 2040 mL, FEE-E 60 mLolFoE A
A¥o) 2 Aow UEith ®F $U/%e] Frh o 4G AL 60 mLoldel we SWET) Lee
Fol Svieldl wheh AEERvs SEEe] 3% e al (20000 o8l FHE Ee FHE s97t
H-§A 0] Aawko] 2 ZoE vEhgth 5 Arele W ErHRe] SR #Aglel =
U3 WrhRe FA) 9L T A9 99 Whwe] Frlge] Fviel we) wud dus
owe o, wilE, A, 3R 8 a4 5ol A JA7pr dasielen, Jdviet dld el
oh e} vl e 6-20%2 EEE Holed,
olfgt Aolzm FF L AS Al AuE 270 Table 4. Correlation coefficient between specific loaf
ok}, wolu Alojm 9] AE AAEsle] I o volume and quality parameter of wheat and rye flour
We] FAe 3N B FELAY SHd 3 200 _
TRl A el gt el Aol tEr]ﬂﬂ | Quality parameter Strongsi)lz(lzjlrﬁji loall\flzt(i)illlllgilour+
THMonsivaie et al, 1983). 9o} thila Iizke o tye flour rye flour
71 E w2 B3, ek EA] A4 o Protein content 0.903" 09717
o mxm duiAoz el ko] 2713 Sedimentation 0.900" 0.907"
e} o) Royh Fvleic, 2 QA Algd g WRCY 08417 09427
A, FEE R EWR v e gEp RO 082 0994
o] 12.6%, FEW0] 9.5%, THTFFEIT 9.0%01AE Peak time 0.872" 0883
H (Lee er al, 2006), THEE Fhgro] Hjd oz A Peak height 0.544 0.978"
& SUVMRE IS wEh wise) R v)g Width at peak 0.623 0373
o] 7+AslE Zow AgHEy), Width at 8.00 0.905" 0.087
Rapid Visco Analyser
HIZ=O| H|RX T} ZEIEAI7IO| AR Initial gellingtemperature -0.386“ -0.749“?
WEel 843 AR AT A oimum viscosiy 0889 0044
S ZABE Table 49] UERHh 11885 T N.hmmlllm v?scosny 0.930M 0.971**
= = Final viscosity 0.878 0.922
o Sme] o] deaAle vehlishe 4 UWater retention capacity
F(r=0903"R = S E@=0971")°] BT} =& ?ﬁlka}lin?ﬂwater retention capacity y
7+ RolZEginh ARV Aew AEng =9 , « Significant at the 5 and 1% levels probability, respectively.
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Table 5. Changes in crumb color of bagels prepared from wheat and rye flour blends at different aging time

Blend (%) L a b
Strong  Rye Aging time (hr)
flour flour 12 24 30 24 30 12 24 30
100 0 82.8+1.20  822+1.3% 81.9%15% -1.740.1* -1.740.1* -1.6£0.1* 13.240.5° 14.240.6° 14.01£0.6*
95 5 78.9£1.2° 80.6x1.2%° 80.9+£0.9¢ -0.3+0.2° -0.5£0.0° -0.4+0.1° 13.4+0.5° 14.440.72® 13.9+0.5
90 10 75.143.5° 7924119 777+14°  0.6+02°  0.3+02°  0.640.2° 14.4404° 15.1+0.6b° 15.3+0.6°
85 15 7244658 765113 765+24° 17+03¢  1.0+0.1°  1.6402° 152+1.0° 15.640.6° 16.6+0.8°
80 20 7324042 7414160 74440.7° 24+0.1°  1.7+0.3°  2340.1° 16.9+02¢ 16.9+0.9¢ 16.9+0.5°
75 25 71.3+1.4° 71.841.2¢  71.320.8* 2.8%0.20 2.7+020 2.8+0.20 17.3204% 18.1+02° 18.1+0.2¢
70 30 70.8+£1.3* 714170 70440.7° 344028 3.4402¢ 3.5203¢ 17.840.1° 18.9+04° 18.5+0.2¢
Medium  Rye Aging time (hr)
flour flour 12 24 30 24 30 12 24 30
100 0 79.5+0.9¢ 83.0£1.6° 8204197 -224£0.1° -2240.0° -2.240.1* 159404 162+0.6° 16.0+0.5°
95 5 76412 5° 770425 76.9t1.4 -05£03° -0440.1° -0.6£0.1® 152405 16.6+1.5* 16.1+0.4*
90 10 73.943.6°  75.049.3%  77.012.1° 0.6+0.3° 0.8+02° 0.6£0.2° 16.4+0.7* 17.5+1.2% 16.8+0.4°
85 15 72740.9°  74.840.8a" 74.4+12¢ 1.6402¢ 1.6302° 1.6+0.1¢ 17.0£0.8% 17.5+0.3% 17.5+0.3°
80 20 71.840.7°  71.74£1.8° 72310.7° 2.540.3°  2540.1°  2.640.1° 17.5203% 18.54+0.3% 18.540.4¢
75 25 68.810.9* 69.9+13*  70.0+12° 3.0+04° 3.1£02° 3.5+0.3° 18.0+0.4° 19.140.4 18.9+0.4°
70 30 67.410.7* 6994170 674%1.2° 3.94028 4.0+0.2¢ 43+0.3% 189402 20.1+0.3¢ 19.8+0.4°

UThe values with same superscripts in a column are not significantly different each other at P<0.05.
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Table 6. Changes in crust color of bagels prepared from wheat and rye flour blends at different aging time

Blend (%) L a b
Strong  Rye Aging time (hr)
flour  flour 12 24 30 12 24 30 12 24 30
100 0 53.3+2.6% 58.7t1.6° 54.8+1.4% 17.6109™ 20.7+7.7° 19.7+0.5 31.7+1.1° 30.9+6.5™ 33.3+1.3°
95 5 51.941.6° 55.6£3.5° 533£12° 18.1%0.5% 182£1.3" 20.2+0.5° 30.6£1.8° 32.6£1.9% 31.2%1.2°
90 10 50.643.3% 564424 52.8+1.1%° 18440.6° 17.120.6° 19.5£0.3° 30.1#2.5° 34.240.8° 29.440.9°
85 15 48.6+1.5" 52742.6" 52.3+1.1™ 185+0.4¢ 18.140.5" 18.610.5° 27.6+1.5° 304+2.0®° 30.1+0.8"
80 20 48.4+2.6® 52.5+3.0° 52.0+1.0% 17.740.3° 17.74£0.9* 18.2+02® 26.7424® 30.1+1.9® 30.8+1.1%
75 25 49.741.2% 523%1.8" 51.7+1.5* 16.710.6* 17.840.5* 18.1+0.4® 27.5+14° 28.240.8" 29.7+0.5®
70 30 47.4+09" 505+1.5° 51.240.9° 16.9%0.5° 17.740.3* 17.9£0.3* 25.1+0.7° 29.4+1.6° 29.1+1.0°
Medium  Rye Aging time (hr)
flour  flour 12 24 30 12 24 30 12 24 30
100 0 54.6+2.2° 57.141.7° 56.0£2.0° 183+0.8° 18.040.7° 18.2+0.7® 31242.6° 34.840.9° 33.6+1.7°
95 5 52.543.0" 56.3t1.6° 55.0£2.1% 18.5+0.2¢ 17.940.9° 18.5+0.8" 29.0+1.1° 33.8+1.0% 30.4+2.4°
90 10 524423" 55.6£23° 53.7+22™ 17.640.7° 17.1£0.9® 18440.7° 30.3+1.8* 333+04° 31.6+1.3°
85 15 523+1.5% 554412 53.6+1.9% 164+0.5*° 17.840.5° 17.6:04° 31.0£13% 31.5+09% 32.3+1.3%
80 20 497415 53.1£1.3° 52.5£2.8"* 17.1404% 17.440.1% 18.6404° 29.2+09% 30.840.8° 30.9+1.0°
75 25 492+14* 534+0.8° 520£14° 168+0.6° 17.240.6° 17.810.8° 27.1+1.0° 30.4+1.1* 31.9+1.1%
70 30 48.5+1.8" 53.0+1.7° 488%1.0° 17.1404* 169406 18.5+0.3° 265+1.5° 32.0+0.7° 27.9+1.0°

UThe values with same superscripts in a column are not significantly different each other at P<0.05.



240 ARAETSE Al 104 A 45 (20064 119)

Table 7. Crumb texture values of bagels prepared from wheat and rye flour blends at different aging time

Blend (%) Hardness Springness

Gumrminess Cohesiveness Chewiness

Strong  Rye

Aging time (hr)

flour  flour 12 24 30 12 24 30

12 24 30 12 24 30 12 24 30

100 0 7240 379% 557° 0.839° 0.900° 0.881" 460™ 252° 470%™ 0.569° 0.666%0.643° 386 224° 414®
95 5 810" 597° 588* 0.833" 0.889° 0.870® 713° 389° 356° 0.566" 0.652° 0.640* 588° 345* 310°
90 10 1172% 884% 733® (.833" 0.880™ 0.868® 692° 566™ 378° 0.567°0.642™0.645 576° 483® 328°
85 15 1221° 928 883%™ (.826™ 0.876™ 0.867 412° 597% 564> 0.569°0.644>0.639* 338 526% 490™
80 20 1260° 1047 ™ 1086 0.822™ 0.853™ 0.867% 660™ 673 689 0.563*0.644>0.635* 550™ 587™ 588*
75 25 1308 1445° 1046 0.809° 0.852® 0.864™ 1326 1002° 660 0.569* 0.629° 0.632° 1069° 843° 570°
70 30 2333% 1597° 11857 0.807* 0.837° 0.855* 736° 914" 746 0.565"0.634™0.630° 595° 755" 6441

Medium Rye

Aging time (hr)

flour  flour 12 24 30 12 24 30

12 24 30 12 24 30 12 24 30

100 0 905* 1032° 425° 0.843° 0.905" 0.908" 517° 769° 281° 0.573%0.660°0.662d 430° 692® 255°
95 5 1089® 1042* 851° 0.842° 0.9007 0.902° 627% 674* 646 0.576" 0.653°0.644% 529° 610° 582°
90 10 1182® 1171° 902° 0.828* 0.884™ 0.891° 673 679* 551* 0.570*0.653° 0.648° 566® 599° 490°
85 15 1372 1376* 1002°0.824™ 0.877® 0.891° 890® 1020™° 5837 0.571*0.640° 0.647° 733™ 894®* 519°
80 20 1456™ 1945% 1730° 0.815% 0.875® 0.864" 1129 880® 1101° 0.558% 0.639 0.636* 922° 767® 942°

75 25
70 30

1558 22207 1741° 0.814® 0.859* 0.859* 814® 1403°¢ 1100° 0.560%0.632° 0.633® 677 1203° 947"
2018° 3094 2661° 0.779* 0.859* 0.857° 774 1231™ 1694°0.5650.632°0.638 606 1059 1442¢

UThe values with same superscripts in a column are not significantly different each other at P<0.05.
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