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Abstract

This study was conducted to enhance the protein quality by using the brewer's spent grain in the extrudate
using agricultural and marine by-products. The experimental mixture design was used to determine the opti-
mum ratio of each ingredient. The compositional and functional properties of test extrudate were measured,
and these values were applied to the mathematical models. A canonical form and trace plot showed that the
influence of each ingredient on the mixture final product. Protein content of extrudate increased by the addi-
tion of the brewer’s spent grain, and bending failure stress of extrudate became hardened due to interaction
effects between brewer’s spent grain and biji. Also, the addition of brewer’s spent grain had negative effect
into an lipid, ash and salt content. An optimum formulation was obtained as 11.49:24.01:22.16% with
numerical and 15.74:23.93:22.16% with graphical method(fish sauce by-product : biji:brewer’s spent grain).
Based on the growth performance, feed conversion efficiency of was slightly lower than control group, but
the protein content in feed extrudate enhanced to a large extent compared to that mixed with fish sauce by-
product and biji only.

Key words: Brewer’s spent grain, by-product, mixture design

NoB

218 5] o] YTHChen et al, 1977; Palmer$} Bathgate,

BEe BIE wolAA FIAIle AFH F
(hopy& A 718l Role #4, 18]I AR (yeast)
g A7rstd EENTle 3RS AA AxdEd o
Fuke o3 WE AZAAY F AJFAHAM A
AEE BAEEA O Qe 9iE, A 3 A
FA3 2e AYAE Bol T8 UTh(Dreese
9} Hoseney, 1982). 53] prolacin SEE3}
lactogenic Y ZBES tgoz TR gl
(Sawadogo ef al., 1989), SIARE Udzt 48 43,
Ag S/t 2L FAY 5 A Hg At

Corresponding author: Byung-Yong Kim, Department of Food
Science and Technol,, Kyung Hee University, Yongin, 449-
701, Korea

Phone: 820-31-201-2627, Fax: 82-31-202-0540

E-mail: bykim@khu.ac.kr

1976). AFL.2 o]fole wFute] 7IA T e
cellulose, hemicellulose 3 lignins} 722 ¥& 2]0]
ARE w3t F7)9 FH7bsle A 224, Hassona
(1993 #3ukg A7RsE o] $2 92 BT,
AWel A 9 FH2HEE gl 9%E
7T @tk FA4 AR E Asde
10~15% B=7} BiE] viXle FFo] H F7)9|
otz REd 7P AdEcta AAEHAch(Kissell
Prentice, 1979).

o]} "B FFAE 7HE Al wWiEEHE HA9
7hig] 43 RS FEO AlEAEo gAY
A sl stk HRe B WFERYH F
£4 EZo] whAuzk gejol7] 3t A9 A
H 71wl FAste TR FPEEC] Bol dot
AI(Kim et al., 1996), 7he] A FAE] B¢

9N ¥E PEE BHAT AT BEF 2L &



2 AGAETS A 6d Al 1E (20029 2¥)

£ F712 JEE0] Folsle] MR EFEA A
i AlEY FTAERAR o) 8o 7Fed Aol
o} 2 7t BAEEC] JX T e PR
T B 5 FREYFOE st wwE A
38 dodle EARol Yt olF s3] 9
3 FEGHS EEe A g QY] o
A7t ZHHA EF o)5 HAEESY 7HE A
= G5 7143 duAe 28 vwd Fe A7y
o AEL ARG + YT, AFEY At %3
3 Fejol WHsE Fed EHFHA GE4¥EY
(Kim ef al., 1993)°] A3l ALEEH A

mekr 2 AfMe olHe] FAFPA w5t
FAE9] o]fo] #HT dAfoA REIA A
Ao BEE HEA dFurg Hrpste] #HFH 9
UEHEES VT, FEHES 5 88 7T
Aol st A+E 3BT

HE X Yy

UL

7] AR FAEL S A XS od
FAN A G FA] -20°Ce] AFsIHA AME-3}
H2, ¥IR= Chun et al, (1997)2] el 98l
FRE AL S FAES ol&IUT WS
e (FyFAtY] olHFAC2RE Pl 75°Ce
SxofA EFARAA AR ol FAtEd
8 WROEAE, & dE EF 9ET o
< dEAHEE sk

g ook Bl

B Ao o]8% & X FHE 4S
&4 87 (model THK 31T, WA71A, )24
23%= ¢ 2EEHOIthAAHF A7; 31.0 mm,
AEF A7 40 mm, Z8 £%; 7.5 HP). 95
B9l &5 0.075 kg/minZ FASIHL, AFHE
9ol &EE 125°C, 237 HAEEE 250 rpm
A AgFde AANNY Az 4E9HE
& FREF] 10% o3t HEE ARIAT

ot £ (Bending failure stress) X 2
Hr

d2AHEE HAHERTE rheometer(Sun Co.,
CD-200D, Tokyo, Japan)E Hith. 9Ede 42
BEE 20008 6 cmE HUIF F ZPzie] A|lE9

73L& &332, 150 mm/min®] cross-head speed
g o)gdld AT s 24

UEAHES] UM E-E AOAC (1990)9) HH
of wet ZEWAEL micro-kjeldahly, FAWL
soxhletd, ZBE-& N3z og 235t Salt
TFE Mohrd o2 RE Altsle sy, =
€ 33L& 53 nhEste] Haghs JeERpidit

A CIXiel ¥ BAA el

B2E 299 design, data 4 ¥ FHA3l=
Design Expert 6(Stat-Easy Co., Mineapolis)E ©]&
819, constraint®] FeZ2E rhile] AF PAME.
vzl F3tEe] AdadE)e, AR, o
= 9 NRE AUtk 4234%9 34 WIEE
AT 100%2] EFHE WA modified distance
design(Snee, 1979y 1% 7hte)d3l FitE, vA]
, Akl Ha 3 Ho vl&e 10.00~13.33%,
22.17~26.59%, 17.74~22.16%% &3, 48H&
Fig. 13 2. A€ EFOAKI &ollM ARE 7
9] 43A4E& oty A quadratic design
model2 83t} Regression modeld YR+
coefficient TES Scheffe 2] polynomial
form(Comell, 1990)1 ZAHE ¥ AAH|H I,
linear®} canonical VTN quadratic model
modified least square regression®l] 2]&] TEoFH T}
. °oldl full quadratic model stepwise regression'¥
H(e=0.1)22 data A2 & HHOM, I model
3 coefficient FE F-testZ 1§48 AS3)
Atk 7 2y mE AEEY wgg BI] Y3t
o] Trace plot(Raymond, 1995)& ©]-&&t3 ).

eI H B (Lack of fit test)i B8 G
s

Lack of fit teste L33 H SSE(sum of
square erroryE T2 2 Hpure error)?t A (lack
of fin2 VE22A 388 & vk xo] A F
ool A wHEC] Wit v BES
2 BN =1, -, mel3 j=1, -, el

LAAFZHSSE)y

m n;
SSE= Y ¥ (v;-9)°
i=1j=1

o) = ol The o] B % sleh.



B 7K FAUES olgT YBTBN U Wk 3

m
- ~2
+ Y 05~ ¥:)
i=1
=
ha R}

SSE = SSPE + SSLF 2.8 vehsgr

m N
SSPE= ¥ ¥ (v;-7)’
i=1j=1
& £ eAE A% AFi(sum of squares due
to pure error)°]2} 3™
SSLE = ¥ n,(5;;- vy’
i=1
& AFgAA=Z <1g AF(sum of squares due
to lack of fitolgt peRHoIZITh

E & A#d|

Canonical 28 ¢ 43 &3 3Hnumerical opti-
mization)?} EFE AJE2 »3F FHA N graphical
optimization)& 3l EHE AL, 2L W
o] HL A2t % A3 canonical B ¥
S 7o ke Rde Aol 7t vhgel digh
2¥ H9(goal areayd AL THE 2ol o3}
5+ o}

1
1 no Yo
D = (d; xdyx...xd)" = | []d
i=1

&7)4 D overall desirability (Derringer®} Suich,
1980), dv Z}z+e] desirability, ne response?]
ot}

237 AF3e 7§k o Ha E2 FHo
Aee AR5t gHHAL W 7He H A
a7} FHHE FELFE I

Al E

AYFEL AFo] 100~130 g Fx He AF 21
9% Sprague-Dawley (SD)H &3 ¢ AEFE
AFa2RE FFPol 17Y T FRUS A
FIYARE AN F, RFEEFAAE ) A
P GIEATE)Y 2208 3 29 8 = 107

Y &H Q9] viX &S 457 ARSI AR
ALe 21 2442°C, FE 55~ 60%E A FA5)
=8 den, 1A% F719  HdEH
6:00a.m.~6:00 p.m)2 2 FANHT, A8 &S
AfrEe] YEE N AABAHAT AFSke F
1314 U7 A7kl A5

-k N

AEHED EYEE =d

B2 Aol iF AdzAczA Ui 4234%
2 AL, 2 9 1000%<7hie] AR FiHE
<13.33%, 22.17%<¥|A]<26.59%, 17.74%<"F
8<2216%S AR A% Ul sk &
3 A8 AEEe modified distance designg ©|&
o] 7+ 449 HAE dHEAE W 10719 H¥
ol FAEJL(Fg. 1), 15 APH F lack of fit
ARL 918 4/No. 5, 11, 13, 14)2] wrEHo] A
= ¢ck(Table 1) 2 24¥4A(Run order)= T
Yol W2 o2& Uo7l sl FANE HAsA
3, pseudo componente A AdE-e] xfgom 4

g TiAlel rxe 24| IS 4 BoF

A : Fish sauce by-product

C : Brewer's
Spent grain

B : Blji

StdErr of Design

Fig. 1. Plot the a modified distance design in the mixture
region.



NAEES

A 6dAA 15 (20024 24)

Table 1. Pesudo and actual composition of medified distance design for the formulation

Pseudo component” Fish sauce Brewer’s Wheat
No. RunOrder A B = C by-product spentgrain  (Fixed)
1 3 0.000 0.500 0.500 10.00 26.04 21.61 42.34
2 9 0.143 0.333 0.523 11.11 24.75 21.80 42.34
3 8 0.143 0.523 0.333 11.11 26.23 20.32 42.34
4 4 0430 0.285 0.285 13.33 24.38 19.95 42.34
5 12 0.430 0.285 0.285 13.33 24.38 19.95 42.34
6 5 0.215 0.570 0.215 11.66 26.59 19.40 4234
7 1 0430 0.570 0.000 13.33 26.59 17.74 4234
8 13 0.430 0.000 0.570 13.33 22.17 22.16 42.34
9 10 0322 0.481 0.196 12.50 2590 19.26 42.34
10 6 0.215 0.215 0.570 11.66 23.83 22.16 42.34
11 14 0.430 0.570 0.000 13.33 26.59 17.74 42.34
12 7 0.215 0.393 0.393 11.66 25.21 20.78 42.34
13 1 0.000 0.500 0.500 10.00 26.04 21.61 42.34
14 2 0.430 0.000 0.570 13.33 22.17 22.16 4234
Low and high limitation of each component
Fish sauce by-product Biji Brewer’s spent grain
Low limit 10.00 2217 17.74
High limit 13.33 26.59 22.16
1 (xi—1)
Pseudo components x; = ; Xp X+ Xy =
-3
j=0

A, fish sauce by-product; B, biji; C, brewer’s spent grain

7] 98 JERAATHComell, 1990).
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Table 2. Bending failure stress and proximate composition of experimental extrudate

No. B"“"‘“ﬁ;‘;‘m stress Protein (%) Lipid (%) Ash (%) Salt (%)
1 1520.15 2754 555 367 0.03
2 1517.76 25.46 562 391 0.05
3 1635.06 26.43 7.62 401 0.05
4 1502.43 24.59 7.24 4.45 0.14
5 1503.24 2438 7.26 449 0.13
6 1602.68 26.14 5.59 427 0.07
7 1620.05 23.88 571 446 0.13
8 1954.28 25.95 6.94 458 0.12
9 1562.72 25.18 6.67 4.57 0.12

10 1541.83 2457 6.04 3.96 0.07

1 1601.72 26.72 5.68 439 0.13

12 1738.47 2651 572 405 0.05

13 1522.17 27.36 5.57 3.76 0.03

14 1954.25 26.14 691 4.48 0.12

Table 3. Analysis of selected models and regression at polynomial equations for the five responses

Response Model Prob>F Equation in terms of pseudo component
1152.33A+2751.08B+1752.86C
ing fai adrati 0.011
Bending failure stress Quadratic o —~1892.03AB+1814.96AC—2926.29BC
Protein Linear 0.0633 22.62A+26.92B+27.05C
9.83A+5.82B+0.076C
ipi i 0.153
Lipid Quadratic 1530 7.62AB+11.04AC+10.90BC
, —19.81A + 31.88B-23.24C
Ash Quadratic 0.0493 —67.26AB+186.41AC-32.21BC
Salt Linear <0.0001 0.27A+40.037B+0.020C

A, fish sauce by-product; B, biji; C, brewer’s spent grain
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Fig. 2. Trace plot describing the effects of fish sauce by-
product, biji and brewer’s spent grain on bending
failure stress and protein. A, fish sauce by-product; B,
biji; C, brewer’s spent grain
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Fig. 3. Trace plot describing the effects of fish sauce by-
product, biji and brewer’s spent grain on lipid and ash.
A, fish sauce by-product; B, biji; C, brewer’s spent grain
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Table 4. Resuits of inspect the lack of fit test compares the residual error to the pure error from replication

Lack of fit
Response 5
Model DF F-value Prob>F
Bending failure stress Quadratic 4 281.49 <0.0001
Protein Linear 7 2327.96 <0.0001
Lipid Quadratic 4 0.89 0.5820
Ash Quadratic 4 4.84 0.0480
Salt Linear 7 62.08 0.0006
"Degree of freedom.
Salt (Plpel) 0.573
0.428
0.14
A 0.208
Z ot
B o000
0.11 C
g
2 008 - X1{17.75)
a ‘
0.08 X3 (17.74 “‘/ X3 (25.49
‘ =% X1 (10.00)
002 -
4.!m o8 0% ooes 0208 X2 (20.82)
Daviation from Reference Blend Fig. 5. 3D contour plot of common area for the opti-

Fig. 4. Trace plot describing the effects of fish sauce by-
product, biji and brewer’s spent grain on salt. A, fish
sauce by-product; B, biji; C, brewer’s spent grain.
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Table 5. Optimum constraints values using two analytical metheds in the object goal

Constraints Name Goal Numerical Optimization Goal  Graphical Optimization Solution
Solution

Fish sauce by-product maximize 11.49 maximize 11.57
Biji is in range 2401 is in range 2393
Brewer’s spent grain is in range 22.16 is in range 22.16
Protein maximize 26.17 maximize 26.12
Salt minimize 0.071 minimize 0.073
Desirability 0.574 0.659

Table 6. Feed intake, weight gain and feed effi-ciency
ratio of rat

Brewer’s spent
grain
Initial BW(g) 12023 £4.67™ 129.44 +4.20°
Final BW(g) 296.92 +22 84 258.33111.85"

Control

Feed intake .- )
2 117.34+£1.76° 16.54+1.16
(gfday)”
Weight gain X \
+
(g/week)” 41.9214.62 32.22+3.61
Feed eﬁ101ency 0.35+0.05" 0284005
ratio

TValues are mean + S.D of 10 rats per each group.

“Feed intakes based on measurement, restricted intakes
based on feed dispensed.

“Difference between weights at the start and at the end of
experiment.
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