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A study on the measurement conditions for
measuring the toughness of bread

Sun-Hwa Shin' and Won-Seok Choi"*
'Department of Food Science & Technology, Korea National University of Transportation

Abstract The maximum cutting force (MCF) was measured and analyzed under various conditions using a Miller/
Hoseney toughness rig to measure the toughness of bread due to aging. In the bread crust, the MCF increased significantly
as the cross-head speed increased, and different type of significant difference between the samples were observed under
some measurement conditions (p<0.05). Within the bread, the MCF increased significantly as the cross-head speed
increased at the same penetration ratio, and the significant differences between the samples did not change even if the
cross-head speed changed regardless of the penetration ratio. In conclusion, when using this method to measure the
toughness of bread (apart from the crust), the MCF varied with the changing measurement conditions; however, the
significant difference between the samples did not change. Thus, MCF can be considered a useful and reliable parameter

when measuring the difference between the samples.

Keywords: Miller/Hoseney toughness rig, maximum cutting force, measurement condition, significant difference

Aled

,’"1137

ok 12,0004

A,
el
E 2o shelm, A AAHL
E]—(Klm-v} Lee, 2009; Kim %,
017, Yoon %, 2014). 2y& =+
ghdo] R B4 QIS
WS G TOE AT Awe] st 4, AskE 4
A gl Al bggst S el anvt A4 Frkskal
Jom, EXE AMESLA] Tt FEHE S A sk 3
tJu 5, 2003; Kim}+ Lee 2015; Yoon 5, 2014).

o] =g A FEE 20129 oF 12 9 o) HmoA
20165 oF 2% 57 o9 07 °oF 12% A® FUkIeH, 1999
S wk AFEES 20129 18294 2016 2090 & 5 A}
o] °F 15% <73} thKorea Agro-Fisheries & Food Trade
Corporation, 2018).

A, AF7H Q] ol et FUATE A NFE e
AQEA Q1S B /15 EE APY FIATI) ool
ALH(Kim 5 2017; Lee 5, 2005; Lee} Joo, 2012), Lagrain

2011; Kim =, 2017; Shin
How s Seldet A

s
a
AT}
L

R=2

()

*Corresponding author: Won-Seok Choi, Department of Food Sci-
ence & Technology, Korea National University of Transportation,
Jeungpyeong-gun, Chungbuk 27909, Korea

Tel: +82-43-820-5249

Fax: +82-43-820-5240

E-mail: choiws@ut.ac.kr

Received September 16, 2021; revised December 1, 2021;

accepted December 13, 2021

247

5(2008)Z+ Yoon 5(2015)°] amylase’} o] ZA| 7t YRz
o Pl Gl A3 AFE FYske T, AW AT
of thgh A+ Bk §iA °‘9k°ur 7154 e AE AT
of Hlg] A7l A3 ATE =EUT

e A S SR A4 9 23] dEiAlE =3
Aol Uehd, ol& A $13F oy A7} o] FoX AL 3

TBae 9} Lee, 2018; Hur®} Shin, 2019; Kim %, 2000; Kim
5, 2013). Miller2} Hoseney(1997), Miller -(2003)2 Miller/
Hoseney Toughness FXE ©]-83} microwave oven®Z 712
gk Ae AR, =312 QIgh Z7](Toughness)E S35 ©]
S2 2w U gluten network®] I71E ZHAAIFIH 3kE <13
TGS AN UTaL ARKSHEA, ol# gt dddhs &4
k= dl 2le], Miller/Hoseney Toughness & ©]&3I3=H], ©]
AE gk 9lolojE ARBEte] S35 7] Wit Roger 5(1990)
7} Dahle®} Montgomery(1978)7} 7i&et =74 Wi wth W7w7})
Eol aIH o)z}t AF3IA

Miller/Hoseney Toughness AXE o]§ Al, Texture Analyser 7]
71E AREsH, o] 717l 7] e 3 2wt 49
(empirical) ZH71712, SHxA0 W2t A8E Aol fFelap7t
22td 4 AthShind}t Choi, 2020; Shin3} Choi, 2021; Choi}
Seo, 2016). WEtA o SHxNA F8sk= Zlo] AL
Aol frakAo] s HsArE AAIS & Bl 45k &

o=

=

A Z2AHZAL Aesie Flo) BPE‘Z}%M, A271A] Miller/Hoseney
Toughness 3| & ©]&3 =i & olelst A dxE dxst =
2 gld v gl

REECRS DERSY Nul_o,] AWzl 9lo] W Fad a4 =
o] 3Rl =3 2 Qg ddhg EEH R SHste Ul
A AR 2 Eﬂ] 71 Miller/Hoseney Toughness 3|5 A&



248 =2 E 88| X] A 54 WA 2 & (2022)

M=

A% 81l B FHEE AF Al SR P HtEANA A
A2 e ) AES 8 2)mA|Z (plain bread a; PBA (108.6
mmx121.7mmx14.8 mm), plain bread b; PBB (103.8 mmx
105.3 mmx12.9 mm), plain bread c; PBC (108.9 mmx106.2 mm

x11.4mm), plain bread d; PBD (104.6 mmx113.4 mmx15.1))=

APAER AR, $ HE AFYeIE B7shn Az
Uil oI £4 WA Folud FU AR AT 187
o] the sehel AL Tolslel, ols SAgle] AEHEG

< AREste] AlEe EHJ” < Folsiinh

27| (toughness) &X

W] 7] (Toughness)= Texture Analyser (TA.XT Plus, Stable
Micro Systems Ltd, Godalming, Surrey, UK)$} Miller/Hoseney
Toughness Rig (Stable Micro Systems Ltd)E ©]-&35l] ¢k dot
9}olo](aluminum steel AZ, AE 0.0822mm)=E €71 W S
AFREDE= d e 3o A7INE S8 sk thMillert
Hoseney, 1997, Fig. 1). ©] AX= e <o]oj(A), &I Ho|Xx
FHOIE®B) B U wlo]2x FHo|EWQ)] Al HRoE TAH
A3, B C A= Aet gloloj(ayt T4 —’F UES T
o 4 XDl Urk AT gfoloj(A)e} Hlolx ZHO|EB,
O ZH7; Texture Analyser®] ZE=A BE(E)z}t wlo]2(F)ol L
= AT

A A (crust)e] AAFA 2 el WS BS C Akel9] o
TG €% TYol Mol the, 9 Hlol= EHlE®B)%t

Fig. 1. Schematic figure for Miller/Hoseney Toughness Rig. A;
Cutting wire, B; Outer angled base plate, C; Inner angled base plate,
D; Vertical slot, E; Texture Analyser, F; Connection part with
Texture Analyser base, G; Slice of bread, H; Cutting part of the
bread
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Fig. 2. Cutting force curve of the crust and the inside of a
commercial plain bread sample by Miller/Hoseney Toughness
Rig.
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Table 1. Maximum force to cut the crust and the inside of four commercial plain bread samples as a function of penetration ratio and

cross-head speed in cutting test

Max peak force (kg/mm) of bread samples

Test conditions"”

CBA? CBB CBC CBD
1 mm/s 0.014+0.004V5¢ 0.020+0.004 0.016+0.004%° 0.010+0.002
Crust 3 mm/s 0.020+0.006" 0.02620.005"" 0.019+0.006" 0.013+0.002¢"
5 mm/s 0.029+0.0144 0.033+0.008* 0.022+0.006% 0.016+0.002¢
1 mm/s 0.015+0.002" 0.02340.003% 0.013+0.002" 0.010+0.001“
30% 3 mm/s 0.020+0.004"® 0.030+0.005"® 0.01620.003"ab 0.013+0.001¢
Inside 5 mm/s 0.025+0.006" 0.038+0.006" 0.020+0.003" 0.015+0.001<®
1 mm/s 0.015+0.003" 0.020+0.002%° 0.015+0.003" 0.011£0.001¢
50% 3 mm/s 0.021+0.00382 0.030+0.0042° 0.018+0.0045® 0.014+0.002¢"
5 mm/s 0.023+0.004" 0.034+0.005"* 0.019+0.003" 0.016£0.001“

DPenetration ratio (%) and cross-head speed (mm/s)

ICBA; commercial bread a, CBB; commercial bread b, CBC; commercial bread ¢, CBD; commercial bread d

"Means+SD (n>27)

ACValues in a row followed by different letters are significant different (p<0.05).
"*Values in a column (crust or inside separate) followed by different letters are significant different (p<0.05).
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