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Physicochemical Characteristics of Bagel Dough Supplemented
with Rye Flour
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Abstract

The effect of rye flour on the physical and chemical characteristics of bagel was investigated. Water
holding capacity (WHC) of strong wheat flour increased with the range of 64.3~64.7% as the amount
of rye flour increased. Alkaline water retention capacity (AWRC) of strong wheat flour also increased
with the range of 64.7~70.6% as the amount of rye flour increased. AWRC and protein content of the
strong wheat flour showed negative correlation whereas those of medium flour showed positive corre-
lation. WRC and protein content showed negative correlation in all samples. Protein content and AWRC
showed positive correlation in peak time and peak height in all samples, and the addition of rye flour
affected on the rheology of bagel dough. Initial gelatination temperature was 69.3~72.0, and there was
a difference from 0.7 to 2.7 among rye flour samples. Peak viscosity was in between 192.9 and 261.5
RVU and minimum viscosity showed lowest value in medium flour sample which 30% of rye flour was
added.
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93~1009014 HIX& S AXA =] bagel crust
o] Mol sslElo] AAXE A7 FES 7
Al Btk 7 B F79 bagelo]l AlxEHo Huj
I ded 7Fg dWrARl AL plain, egg, onion,
whole wheat, cinnamon, raisin, rye, garlic, blueberry,
apple, strawberry, cheese, com bagel §°|t}. I &
Qre] AW AH FHES HA vdsh HE7L H
Ao}, bagel] Wg =2 o5 AgHH ot} w}
T 2 dAoxe i FEE sUrtRE
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oDl gzl B RA
A2 9] K 2(water holding capacity, WHC)--
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U7NEE 0-30% TFELE H7lsted AACC(56-20)
H(2000) 78t AAIBATE AleF Al%E bromo-
phenolblue 4 mge 1,000 mLe| FF/FFol| Fo]aL(A]
©F.1), lactic acid 250 mLd] Z=FS+E 718t 1000
mLZ F&3 & o]F 6A7 7FE BFAIA lactic
acid AN A°F-2)S THETE o] W Alek2E A}
|3t7] 48A7F Aol Axdl THEA] AEE F
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mLl| isopropyl alcohol 200 mLE EF3l & =7
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Mixograph 54

IUNFE dAF H7Hs I7HR9] Mixograph
5232 AACC(54-40A)H (2000091 w2}A] 10 g Mixo-
graph (National Co., Lincoln, NE, USA)S AR5}
of WhRe) HH FREFEE T S, 2 A
g9 SHFE H7Fke] Mixographoll A GojA]=
£ % peak time, peak height, width at peak
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SH 24 Z Aol zol7t A7} Foh(Monsivaie er al., 1983).
RE Agge] SAs Ak 39 oY dant SV A7PL B ddus e v
< Btd FAE o]&std SAS A package® A= YT Table 20|14 K= upeh ) e
AHEA B Duncan®] thHS AS5HE ARESITH 74 Redas g FaE0] 47 64.3%, 64.7
%o e UERIAT, FERY] Aee Ry
Zn gl nE dde)g g 77F 56.5%, 51.8% e B
Ak, Ao TUFE A7 AS 64.3~64.7%
At RN of WA, sUHTIFe] FUNEEE WY Y
Wi wrbRe] e s e ey a4l T Frbeke Adds vehiich S U7k
SR 8, WA AU BE 3 54 5ol 9l g Htst A 56.6-63.8%2] WHAE, U/
o} el v ke 6~20%0 B¥EE Wolet HAbdo] F7HE4E B P foH R St
oleigh Apol= ¥ W S Al Ajed x1ol dhe AEE Bolon, FEdET HHEY 3H
ojgit), Wb il W] B4, S8 B4e  FRS W ned gol B Zow uekd
W ggel AgHoE oFsu Aoz SBe)S FEES FARe) FUNRE B
WA gyl Fokdel et wel Rzt Frhwth A% 647-70.6%9] WA TR Arhge] Z7}
B AR AREE i, SR SuRe @42 97U 48 g e A% u
AUNPIE-S BRI Table 19} g}, 78 $HEe 3 Art. FEHE TUNTEE HUNE S 58.7~66.1%
R 13202 WA ABAH P AA ekt o MR JERd 5T B2 A3 2ol
oL S E ke gEie] 126%. FER] 95%,  SU/ME B ROl FMEEE dzes e @
ERNRT) 00901900k, A FHE 18%2 FH % FUHOE F/ksh: A%e ngow, R
3 Jeso] Hzg £A% Nelw, TUARTE 230 W) ZeEe] $UNRE B AuelE §4
= M wo gl e Jo® el
de] ARLAGE Aristel oM R dEFE AL Miyauchi®h Watanabe(1978)2] 1ol o3l H
#aljol ah=vl, Untdor ARsFgo] FiL IE
kol AT ANAES dEsitk Hrgiet A Table 2. Water retention capacity(WRC) and alkaline
e ol AL z|Ralukel FLHIE 04294 =7} water retention capacity(AWRC) of wheat and rye flour
Foa sht A, ASEoR ol wWriRe 4 M
f;7;),44~0_4g%n}z] 54517 UtH(Ziegler?} Greer, — fglend (%)R - WRC (%) AWRC (%)
) Flour Flour
100 0 64.310.07*Y 64.7£0.36*
al7}29| 0|alel EM 95 5 64.2+3.10° 65.420.76%
chilg o] Em o ojokziol wWHl vfEH A 2w 90 10 65.5+0.27° 65.4x0.74°
0@ Lpro] ¥ 2 oldh wumAo »a obmin 85 15 66.3+0.66"  67.2+0.44"
At % lysine, threonine, methionine %] T-Z&hH % 2 68.0;10‘21“: 68.210.372(‘
1% lysines. AL Ae oo mA Sdzel 75 25 69.9:1.58 69.920.15°
o lysines v - TS 70 30 69.7+3.93 70.6+3.07
zren A7 W 94 ehech wold AL F heaum e
o) ZjEs BEsle] W whRe] £28 e o Flour  Flour
= EETgo] BEajol 2 A iz o] ok} 100 0 56.620.20™ 58.7+0.12*
95 5 55.2+0.29° 60.2+0.22°
90 10 56.9+1.60° 61.1£0.14"
Table 1. Chemical composition of wheat and rye flours 85 15 56.2+0.20° 65.5+0.51°
Flours Moisture  Protein Fat Ash 80 20 57-%0'32 65~6i0~55f
(%) (%) (%) (%) 75 25 61.7+0.85° 65.5+0.41°
Strong flour 13.6 12.6 1.8 0.43 70 30 63.8+0.92¢ 66.1+0.94°
Medium tlour 13.8 9.5 1.8 041 UThe values with same superscripts in a column are not

Rye Flour 12 9 23 1.15 significantly different each other at P<0.05.
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Table 3. Protein content and sedimentation value of wheat
and rye flour blends
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15~25%7F4 fro]& ztol7} g1Sith. Width at peak
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Sedimentation

vaiue
§'¥r=-0.973" Sir=-0.964"
M2 r=-0.761" M:r=0.875"
Sir=0.988""]
M:r=0.974"
I WRC l LJ Sr=0.978" AWRC
M:r=-0.959"
S=-0.971" Sir=-0.980"
M:r=-0.867" M:r=0.948"
Protein
content

Blend (%) Protein (%) Sedimentation (mL)

Strong Rye
flour flour

100 0 12.608" 43.5+0.71¢

95 5 11.97 42.00.00°

90 10 11.34¢ 37.8+£0.35¢

85 15 10.71¢ 34.840.35

80 20 10.08° 33.5+0.71°

75 25 9.45 29.5+0.71*

70 30 8.82° 29.0x£1.41*
Medium Rye o

flour flour

100 0 9.50% 28.5+0.71¢

95 5 9.02' 27.5+0.71

90 10 8.55° 26.3+£0.35°

85 15 8.07 24.840.35"

80 20 7.60° 23.3+£0.35*

75 25 7.12° 23.5+0.71%

70 30 6.65" 22.3+0.35*

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

Fig. 1. Relationship among sedimentation value, water
retention capacity(WRC), alkaline water retention capacity
(AWRC) and protein content of wheat and rye flour
blends. "Strong flour, ?medium flour
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Table 4. Mixograph characteristics of wheat and rye flour blends

Mixograh characteristics

Blend (%) Peak time (min)  Peak height (mm)  Width at peak (mm)  Width at 8.00 (mm)
Strong flour Rye flour o
100 0 5.20.17¢" 57.1+0.85° 16.6+2.95% 14.3+0.88°
95 5 4.4+0.09° 56.1+1.41° 17.2£1.15* 10.3£0.83¢
90 10 4.240.08™ 54.2+0.45 15.1£2.55* 8.9+0.30°
85 15 4.3+0.21° 52.9:0.05 17.1+£2.94* 7.2+0.50°
80 20 3.9+0.07" 52.6£0.19% 13.6+0.54* 5.8£0.26"
75 25 3.7+0.18* 51.1£0.71* 15.7+0.50* 5.0+0.05*
70 30 3.6+0.04° 56.2+0.39° 15.9+£0.66* 5.5£0.35°
Medium flour Rye flour
100 0 4.5+0.20 58.4+0.26° 19.4+1.88" 9.7£0.17°
95 5 3.9+0.02° 57.2+0.60° 16.5+0.53* 6.8+0.06™
90 10 3.7£0.15¢ 57.5+0.26° 14.7+1.49* 5.9+0.15*
85 15 3.4+0.00° 55.4£1.15¢ 15.2+1.66* 6.0+0.03¢
80 20 3.3x0.03° 53.7+0.42° 16.2+0.65% 7.00.82°
75 25 3.3+0.11% 50.8+0.61° 15.9+1.27* 8.1x1.10™
70 30 3.1+0.02° 49.3+£0.32° 16.3+1.94™ 8.2+0.25°

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

Table 5. Correlation coefficient between Mixograph characteristics and quality parameter of wheat and rye flour blends

Mixograph characteristics

Blend (% lit t
end (%) Quality parameter e (min) Peak height (mm) Width ai peak (mm)  Widih at 8,00 (mm)
‘@ Protein 0.934 0.495 0.394 0.930"
ong Sedimentati 0.919™ 0.595 0.390 0.938"
flour h . "
on WRC 0.874 -0.546 -0.439 0.877
+Rye flour AWRCY .
0.871 0.461 -0.309 -0.879"
Medium Protein 0.949° 0967 0.475 0.043
m Sedimentati 0.956™ 0.899™ 0.523 0.157
flour wx
on WRC -0.685 -0.929 0.114 0.379
+Rye flour AWRC ” .
0.839 0.969 0.303 -0.158
1) Water retertion Capacity (WRC)

“Alkaline water retention capacity (AWRC)
~"":Significant at the 5 and 1% levels probability, respectively.
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Table 6. Rapid Visco Analyser (RVA) pasting characteristics of wheat and rye flour blends

Biend

RVA characteristics

(%) Initial gelatinization temp. Peak viscosity Minimum viscosity Final Viscosity
°C) (RVU) (RVU) (RVU)
Strong flour Rye flour
100 0 70.0£0.91*" 264.5£8.30° 186.7+5.30° 296.4+5.02¢
95 S 70.5+0.40° 251.5+1.40d° 170.0+£13.00° 277.9+10.60
90 10 70.5£1.00° 243,1£9.80° 153.3+16.50" 268.6+5.60™¢
85 15 70.8+0.30* 229.8+5.90™ 164.1£7.70™¢ 253.7+15.70™
80 20 70.5+0.60% 225.9+6.40> 134.8+31.40* 250.4+10.70"™
75 25 71.3£0.18" 213.4x2.32% 149.8+12,70™ 234.0£36.10"
70 30 70.420.30° 201.1£2.67° 127.1+34.50° 222.7+38.30
Medium flour  Rye flour
100 0 69.3£2.20° 253.4£15.82¢ 177.4+12.35¢ 283.1£19.90¢
95 5 71.30.91% 261.5+21.00° 170.5£16.50° 283.7+£17.80°
90 10 70.8+2.75% 246.8+11.04> 165.7+10.36% 270.1+16.40™
85 15 71.3£0.50° 251.1+18.14% 159.3+5.08™¢ 231.9+27.60™
80 20 72.0£0.81° 216.4£18.51° 136.6+2.60"™ 239.74£52.20™
75 25 71.5+0.57% 207.0+31.39° 126.5£3.24® 222.2+36.60°
70 30 72.0+0.81° 192.9+34.21° 116.0£3.55* 207.6+39.90°

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

Table 7. Correlation coefficient between Rapid Visco Analyser (RVA) pasting characteristics and quality parameter of

strong flour and rye flour blends

RVA characteristics

Quality parameter ~ Initial gelatiﬁiiétion temp. Peak viscosity Minimum viscositym" Final viscosity
(°C) (RVU) (RVU) (RVU)

Protein 0.934” 0495 0.394 0.9307
Sedimentation 0.919™ 0.595 0.390 0.938™
WRC" -0.874" -0.546 -0.439 -0.877"
AWRC? -0.8717 -0.461 -0.309 -0.879"
Mixograph Characteristics o

Peak time -0.609 0.936" 0.919" 0.948™

Peak height -0.874" 0.476 0.361 0.493

Width at peak -0.075 0.324 0.631 0.323

Width at 8.00 -0.689 0.929" 0.871" 0.939™
""Water refention capacity (WRC)
Y Alkaline water retention capacity (AWRC)
""" Significant at the 5 and 1% levels probability, respectively.
AR e mE vwe] ge] AuTle=0934T, 2 Az 9 vy 2Rd vuds g4}
r=0.949")E JERJUT} Peak viscosity?] H-5-oll& RN EUsRIE By EEEEe o AeAde
TR o] Ao A (r=0.967")5 ERNAL, 2L gAee] Fek= Aoz Ry 8 At
AEEE HE M Td e AHYE BE (Kipp er al, 1996). £ 5 e suge] 4
g g g7 Fes 53 Sl AEAE o Zo} F83% 98g dh=d pH, W& 24, §4
BRI WEe] BAe) e mAE susk: @A AR sleRs) gud eejel 2 slows) @
of JRroRe= o whlERl Az (secalin)(Shewry 2hA A, AR R B 2EolA F3tEE Ao

2ith(Pomeranz et al., 1984).
Sl arabinoxylan®] §HaFe] WU7f
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Table 8. Correlation coefficient between Rapid Visco-Analyse r(RVA) pasting characteristics and quality parameter of
Medium and rye flour blends

RVA characteristics

Quality parameter  Initial gelatinization temp. Peak viscosity Minimum viscosity Final viscosity
(°C) (RVU) (RVU) (RVU)

Protein 0949" 0.967" 0475 0.043
Sedimentation 0.956” 0.899™ 0.523 0.157
WRC? -0.685 -0.929™ -0.114 0.379
AWRC? 0.839" 0.969™ 0.303 -0.158
Mixograph Characteristics ) o

Peak time -0.937" 0.790° 0.889™ 0.901"

Peak height -0.753" 0.940" 0.985™ 0.924"

Width at peak -0.671 0.234 0.333 0.431

Width at 8.00 -0.431 -0.223 -0.107 0.017
'Water retention capecity (WRC)

D Alkaline water retention capacity (AWRC)
*"":Significant at the 5 and 1% levels probability, respectively.

Foll H|gjod AbgE] oM o] arabinoxylane AT FTEE SUNEE 30% 7S Ao 71 wviA|

GRS AL v HAC 9T viAE 225

Aoz A AtH(Vinkx and Delcour, 1996). =

Aol BUNRE oS W HETh ) Sl

= A s FAEe oy RSl Hojdte

242517 wBol Aog AlgFu) American Association of Cereal Chemistry. 2000. Approved

methods of the AACC, 10th, ed., AACC, Inc., St. Paul,

o ot MN., USA
4 9"

Bushuk, W. 2001. Rye production and uses worldwide.
Cereal Chem. 46(2). 70-73

FTRU7FE H7HF bagel AEA] b o 3)EhH Chang, H.G, H.S. Shin, and S.S. Kim. 1984. Relation of
EMo)] ojust dgke v R=A] RAlsIYT 2 A physicochemical properties and cookie baking potentialities
I} RLede pUER FUWRD i o A of Korean wheat flours, Korean J. Food Sci. Technol. 16:

- . 149-152
o] HQ ] y1E= A y)Eke] =)k
6213%1'7%7] ﬂ“j‘% - “_E }rﬂ?: }C; I3 ;}E: Collins, JL. and A.R. Post. 1981. Peanut hull flour as a
5 Eed e Frkshs duks nilen FHEHE potential source of dietary fiber. J. Food Sci. 46: 445-449
Hop i SHV/FEE Hrkeh B8 glo] % Kipp. B.. H.-D. Belita, W. Seilmeier, and H. Wieser. 1996.
& Aoz eyt Az S48 tE B Comparative st}ldies of high N.I' subunits (?f rye and
YRS At 5 A 64.7-70.6%2] HOE B wflfleatt. L Islolatxon and.bl?llfzchjnlgal clh;réctze;z;tzlgnz ;jd
o _ ~ _ effects on gluten extensibility. J. Cereal Sci. 23: 227-

w72 & yieko] =7)sksRE okzlpllr 29 7)F . o
27k HUHel 3 Ote"' ! ‘*H“E]T (‘j—rg “*'Ij: Kujala, T. 1999. Rye: Nutrition, health and functionality.
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