Food Eng. Prog.
Vol. 18, No. 2. pp. 95~101 (2014.05)
DOI http://dx.doi.org/10.13050/foodengprog.2014.18.2.95

FAEe

Food Engineering Progress

ax
Z1gt #ESE 2000 ME tiFEHH[X)e] 7I5HY AT
I;L<I )Llo' 'I?I' 7F_Q_|.AIHHI-O| xlI-I_Q_I.
ol¢=ml - Tl - 1WA - HIAA? - 21 g
Agsk AFAR T L AGALASATY, HEriska AFAR T, 2 g s 4 E T

Effect of High Pressure Homogenization on Biji Paste and Optimization of
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Abstract

The effects of pressure and number of passes upon Biji paste properties using a high-pressure homogenizer (HPH)
were investigated. A hydrocolloid of Biji was processed with a HPH at 15,000 or 25,000 psi and with 1 or 2 passes.
The hydrocolloid was assessed for dietary fiber, protein, sugar content, water absorption index (WAI), water solu-
bility index (WSI), rheological character, and distribution stability. As pass number and pressure increased, soluble
dietary fiber, sugar content, WAL, and distribution stability also increased, whereas particle size decreased. As a
result, processing at 25,000 psi and 2 passes is considered as a proper treatment for processing quality. In bread
making with HPH treated Bjji, volume, hardness, and cohesiveness of bread increased, while density decreased. The
optimum processing condition for bread with HPH treated Biji was determined by a design expert program. Nine
experimental points were selected, and wheat flour (91-95%) and HPH Biji (5-9%) were chosen as the independent
variables. The optimum formulation of bread using the numerical analysis was set at 94.2% wheat flour and 5.8%

HPH Biji with a 0.725 desirability value.

Key words: high pressure homogenizer, Biji, bread, soluble dietary fiber

M B
High pressure homogenization(HPH)= 2% Wle| f84
] FEAIE GSATIAY rAES B2 21717 4
& Ab&Eo] O K Smelt, 1998) HZolE A% ZUt
HIEF 3} ZHe o] BES e = ARSsH7] A&
A ThHSancho et al, 1999). HPHE= &]ZFWe] whula s}
oligomer®] A< E3|A17)3L 7154 AAL WA 7] =
qe-Z oted 2 e Aol oM e e 23S v
W AATHWennberg & Nyman, 2004) o} A &3t 7=}
BHE| A A] 3L glth HPHE e diolv Tl d A&

o+ olyz} okafut 2 (Butz et al., 2002; Wennberg &

HE rlo

*Corresponding author: Byung-Yong Kim, Department of Food Sci-
ence and Biotechnology, Institute Life Science and Resources, Kyung-
hee University, Yongin, Gyeonggi-do, 449-701, Korea

Tel: +82-31-201-2627; Fax: +82-31-204-8116

E-mail: bykim@khu.ac.kr

Received December 17, 2013; revised March 6, 2014; accepted March
31,2014

95

Nyman, 200404 % w8 &S] 52
A3l ARGE AL J o, \ﬂl‘do]‘/‘r ‘“%i
Fasiths A= ATh(Yang et al., 2009)
"]O]”ob QA 8] Asta el ofste] 7HEE) H X
29} FuAE 2oX 2 oy 7e A
£ OV‘* fr(soluble dietary fiber; SDF) &} &
-ﬂ—(msoluble dietary fiber; IDF)f—L T-EE 1 o]
Z-go] 7t7} thEth IDF= T2 A& Alx¥e +
oux ARZ oA gl 9 %T SR ERR-PN
F 2 AaF FHSHAL, SDF= Id", gum ¥
B-glucan®] F4wolm #Y, I/, Hel Fol ol FHH
oA TH(Anderson, 1985; Schneeman, 1989). 4] o] d-7-2] A}
‘——q;{% 7] _0_ HH [DF= tﬂa]gH/\ EHX}-O]—oﬂtﬂ— E/\%;d
o] wjd 59 28-S st WHH SDF= E5FH2HE
A= 7<1 SHAIA E“—H st5 oetar, iAol S7HE
I THSelvendran, 1984). IDF7}
o] &= 4 =t §l| SDF

A1 Zo]| Z7}Ele] ARR-SH

A]

33

o]
€

=]
o

O ox rlu 1> r{r
o,

H oox

ar
-

oﬂ,
4) i

=~
T



96 ol - MR -

217+, At ﬂi” 34, OJZJ/‘J ko

A 3-3t7] wj &l (Anderson et al., 1981;

Blackbum et al, 1984), SDFe] SE £+ HHS AT+

%1— .TJ‘J_Q_7]_ oh;]_

A 2 Ats Ao dfrt S48 BIA]o| HPH A g
3?"4 T84 Aol St 22 THEAAEE
7|31 o] & o]&ate] o) df7ds)l Aw-g vF

% 2A 9] 7S AR s 8 E A

< ol-&3te] HIHF9} vA| 9] HAuIG v &S Fro}
3]

e}

24 ok JZ _ i

LT

W=

B Azdga Azxd HAE A9z 7179 (Korea
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Table 1. Chemical composition of Biji.

Compositions Biji (%)
Crude protein 18.91+0.85
Crude fat 10.38+0.42
Crude ash 3.7240.01
Carbohydrate 66.99+0.44
Crude fiber 20.32+1.85
Dietary fiber 59.03£1.29
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Fig. 1. Particle size distribution of Biji.
* Control : Not treated
* HPH1-15 : 15,000 psi, 1 pass Bjji ¥ HPH2 - 15 : 15,000 psi, 2
pass Biji
* HPH1-25 : 25,000 psi, 1 pass Biji * HPH2 - 25 : 25,000 psi, 2
pass Biji
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Table 2. Dietary fiber contents of Tofu by-products (Biji)
by high pressure homogenization (HPH).
(%, dry basis)

Sample SDF IDF TDF
NT 2.50+0.59° 62.67+£2.01* 64.33£1.29*
HPHI - 15 3.60+0.37¢ 56.80+0.88% 60.42+2.70*
HPH2 - 15 4.45+0.13¢ 57.00+1.23° 61.46+0.09*
HPHI - 25 5.68+0.06° 55.61x1.55° 61.34+0.79*
HPH2 - 25 7.59+1.50° 56.50+0.52° 64.09+£2.67%

*SDF : Soluble dietary fiber
*IDF : Insoluble dietary fiber
*TDF : Total Dietary fiber
*NT : Not treated

* HPHI - 15 : 15,000 psi, 1 pass Biji
* HPH2 - 15 : 15,000 psi, 2 pass Biji
* HPHI - 25 : 25,000 psi, 1 pass Biji
* HPH2 - 25 : 25,000 psi, 2 pass Biji

YMean within each column with no common superscripts are significantly
different (p<0.05)
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Table 3. Water absorbtion index (WAI), water solubility index
(WSI) of HPH-treated Biji pastes

Biji paste powder

Sample
WAI (¢/g) WSI (g/g)
NT 3.92+0.51°¢ 0.65+0.22°
HPHI - 15 5.50+0.17° 1.09+0.34%™
HPH2 - 15 5.98+0.42° 1.12+0.45%®
HPHI - 25 6.78+0.02° 1.50+0.22°
HPH2 - 25 7.02+0.23% 1.60+0.38°

* NT : Not treated

* HPHI1-15 : 15,000 psi, 1 pass Bjji * HPH2 - 15 : 15,000 psi, 2 pass Biji
* HPH1-25 : 25,000 psi, 1 pass Biji ¥ HPH2 - 25 : 25,000 psi, 2 pass Biji
*Mean within each column with no common superscripts are
significantly different (»<0.05)
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Table 4. Zeta-potential and average particle diameter of fresh
Biji pastes after HPH treatment

Average particle

Sample Zeta-potential (mV) diameter (nm)
NT -17.4 N/D
HPHI1 - 15 -20.4 469.4
HPH2 - 15 -22.6 459.3
HPHI - 25 -26.2 419.8
HPH2 - 25 -27.8 405.3

*NT : Not treated
* HPHI1-15 : 15,000 psi, 1 pass Biji * HPH2 - 15 : 15,000 psi, 2 pass Biji
* HPH1-25 : 25,000 psi, 1 pass Biji * HPH2 - 25 : 25,000 psi, 2 pass Biji
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Table 5. Volume and texture characteristics of Biji breads.
. Specific loaf volume Hardness .
Sample Loaf volume (mL Loaf weight Cohesiveness
p (mL) ght (g) (mL/g) N)

Control 521+1° 154.4+1° 0.30+0.001° 6.37+0.69° 0.774+0.03¢
WF (93) + Biji (7) 363.5+1.5° 159.62+0.53* 0.44+0.003° 14.21£0.69° 0.93+0.003*
WF (93) + HPH Biji (7) 296+1.4° 158.6+1.03° 0.54+0.022* 16.01+0.92* 0.92+0.02°

WF : Wheat flour.

“*Mean within each column with no common superscripts are significantly different (p<0.05)
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Rdlo] MAESthHan & Kim, 2003). HZ# FAA
(numerical point)yS | &3+ A3} }E e 94 2%, H]1A|3F
F 5.8%01UL, o] gl
39.22N, U 0.403 mL/g, 1A
HATHTable 7). A5 HES
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& hardness
A<l l 5.7969_i A4
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7} BF SUteke A4S Bt Cho & Lee(1996)E Hl 2) 7} A8} 0o g BFS o] g3te] Ejze] 3
A& ol H718tH9S 79 =2 hardness®t cohesiveness He ¥9E Ye 2 2 HH3EH JEZS desirability2 ¥
£ YepliH td AR AES YeRdT A Bugk v ol ASEit vhEE = Ao R AlMbE = H 9] desirability=
3, Shin & Lee (2002)% "] texture= HIA|7}FE] &3 o] AHE Atolo] HAshd g gho| FHs= AR
H&o] 555 A948% Are S/t Bl 072502 yeston Hlx| 9] ghgfo]l WSS hardnesse
HPH H|A] & A}&-3l= 7d-% hardness®} cohesiveness’} H] S7Fke AEgS Hola g Aarel die SWolX=
Table 6. Quality characteristics of bread at various conditions by D-optimal design.

No Run HPH-Bjji (%) Wheat flour (%) Hardness (N) Density (mL/g) Overall preference
1 3 5.00 95.00 44.835 0.515 5.8
2 9 7.00 93.00 44.835 0.515 5.8
3 6 9.00 91.00 59.535 0.536 5.1
4 7 6.01 93.99 35.77 0.342 5.6
5 2 7.99 92.01 43.365 0.491 4.9
6 5 8.50 91.50 64.68 0.626 54
7 4 5.50 94.50 343 0.479 6.2
8 8 7.49 92.51 32.34 0.418 5.5
9 1 9.00 91.00 28.42 0.498 59
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Table 7. Optimum constraints using a numerical optimization
method.

Constraints name  Goal Numerical optimization solution

Wheat flour in range 94.192%
HPH-Biji in range 5.808%
Density Minimize 0.403
Hardness Minimize 39.22
Preference Maximize 5.796
Desirability 0.725
0730 | =
-
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Fig. 2. Contour plot of desirability of the optimum result.
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