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Application of Response Surface Methodology for the Optimization of
Process in Food Technology

Chol-Ho Sim
Department of Fine Chemistry & New Materials, Sangji University

Abstract

A review about the application of response surface methodology in the optimization of food technology is presented.
The theoretical principles of response surface methodology and steps for its application are described. The response
surface methodologies : three-level full factorial, central composite, Box-Behnken, and Dochlert designs are compared
in terms of characteristics and efficiency. Furthermore, recent references of their uses in food technology are pre-
sented. A comparison between the response surface designs (three-level full factorial, central composite, Box-Behnken
and Doehlert design) has demonstrated that the Box-Behnken and Doehlert designs are slightly more efficient than
the central composite design but much more efficient than the three-level full factorial designs.

Key words: food technology, optimization, Response surface methodology, three-level full factorial design, central
composite design, Box-Behnken design, Doehlert design

M =2 A ZHo] o] &5 o] LthKim & Park, 2009; Cho et al.,
2006). A& Al & H(design of experiments, DOE)°| & A&
HA s Hojo o] &S A7) flste] Al&Hl, ZEA X, o gk AL HE SJulste Aot o= stz st
S-S AFY Bes FATIE Aol#tal T F At = 2A0l thate] A of DA AASHAL HlolHE ofd
(Bezerra et al., 2008) A HshH, ofH A WHoR tﬂ o|HE FAlste] HAa
HAslet7] flste] HEH R Wol o] &3] 2 AW o] A3 =R Ho FEE A& AJME Agste A
HO 2= QIS (independent variables)E o4 g M~ olglx Aold 4 JYtHKim & Park, 2009; Cho et al.,
g A BE WFE PN, & Wl & WEHE 2006). AP AARE A 2 Foks ohH, 19200
WSt A 2 a35 AFeh= 13 19014 A (one-factor-at-  F-E F=72] Ronald Fisherd o] S22 AAE 543 A 7
-time method)©] &85 o] Yth(Lee et al, 2000). ©] H= o] &3k o]F W ApzE] o] A Arh(Lee et al.,
W @ 1A} 7ol Ao Abgol #Ag ws g a¥e] 2000). et} o] gk HHol Akol] A0 R 857
Zo] E7FsstH, @ AE¥Y AAE 4 UA ALeEA A& A2 1950 74 Edward Deming®] &7 AAW
EROoEA =4 HA C>H(local optimum)E 2| ™, @ A HE &Y AFA =YX A FE23EF] FEES T
Zho] o] A8 HH 271E 2] f9 B2 oo A 71 BlAFEolth(Lee et al., 2000). 3L 1980t &
go] dQatA =He EAHC]l AUThKim & Park, 2010; oA A A Aol AFe] s B FH AT Ee
Lee, 2008). o] &5 7] A &3t thH(Lee et al., 2000).
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A= o] s olalatal Wl
eRlanss o HAstetedl e vheEd
A= ATHKim & Park, 2009; Kim & Park, 2010).
W24 (Response Surface Methodology ; RSM)=- 0431
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E 37} o] F& WheFHo| W3 EA#<l
E2H S Eoh(Park, 2005). ©] AW E WS- E
A8 A8l SYPHSFEY FHUFL SBAE
dolE25E F4T & Ji upr] FEHHEST o] FHA
ste= SHHETEY S Fold & AUth(Park, 2005). ¥
SxHolg= gole 734 RdS At & Are
Y EAEZgE Ao 2RE fH 9 Atk Bezerra et al.,
2008)

WS EHEA L O3 22 534S 7EAAL A tk(Park,
2005). © SHHTEL FE5HF] FAAE volHE
e FHete] SHHMTES kol wsle ue T
Lol 3ol g deAlETHE 5%t @ Sy
FE9] Am gt groll A whg-Fo] H 2 SHoptimize)E ZA7}
S ghopdlit). @ 71 HE Fo] Ao R 7 F2 A=
E T AFAgH] FA7HE 2 F&s, HolE 48
Fote 5= A9 -3 H(fitted response surface)S]
SAAA AL et

FHzo] WhEEHEA s 7]xE& 1951'd Box$}
Wilson©] Al THMyers et al., 2004). 2 o] 3 Az 7}#] 2|
oF 60 FF WREEHEA o) thek hEAR THEE T 4
Ho] ThHill & Hunter, 1966; Mead & Pike, 1975; Myers
et al, 1989; Myers et al., 2004). Hill & Hunter(1966)= 3}
S A 2FYPol] WHEEARAS o] 8319 2T, Mead &
Pike(1975)= A ETAITS TR HRA Hib= AES o]
Heo rddo 2¥E Atk Myers et al(1989)2
s i 184 Wst g AAA
WslE 7hxetaA, =8t 38k A3 As|Be) A=
g}, g}shtofol] MHEEHREA S 2§

(2004 1989~2003'a Atole] WhgEH A A sto] 7
S A, Ao A 99 o] A 2okl of
3l A=kt
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HEE A SHERol A M HUEA S 480 5
A% gtk o8 59 Hoel BARNE FH5 3
=2

= 5-oF(Ferreira et al., 2007a; Bezerra et al., 2008; Ferreira
et al, 2004), ZZvlE 2] FoKAtkinson & Tobias,
2008; Ferreira et al., 2007b), A 7]&4]38}8 H-ok(Tarley et
al., 2009)°1 4] WF-g-3EHARA S 2-8-3kaL Tt

A58 9)o] Fopof| M= HESHHEA S X85 L
AEH AdZE 59, 2°FE(Lee, 2010; Shin et al., 2007), B
S vl YH(Weuster-Botz, 2000; Ren et al., 2008), A &3 3t
(Gilmour, 2006), 57198}, 2AFZ144E(Shyy et al., 2001),
71 Al 7+ 8- (Aggarwal & Singh, 2005), <& =(Simpson et
al,, 2008) EofellA o]& A&staL Utk ey AEFFY
Hopoll A W EHERA S 283 TS A9 floH(Lee
et al, 2000), ©] FAE WHSFHEAY FolA FATAA
g vhS sk Qe AR otk
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L HE-S- 31 T FLA
ZAME & ¢ Zo] AFREHE 231 AFAH (IS 59,
3017} ek 9ol =413 Box-Behnken, 28] 37 Doehlert

sl 2 A|2ElS BAbe] B, o mdo] A3 e
Brre RN, HFH o R HHstE 7hA] xS
2 Q 3]t} (Bezerra et al., 2008).

WS- EHEA o] o] Eol tiste] drgstrlo] oA, R 7t
o] FH gojE At vt 7tHBezerra et al.,
2008).

@ 413 A 8 (experimental design)o] ¢1A}E0] ThE &=
T 2RO R FAAE 54 AAPE S Lo

@ A3 (experimental domain)o] A M2 FH i
2| e} H || gHAof| o te] Aol Hr).

@ CIAHEHHS, S& A HS; factors or independent
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Fig. 1. Procedure of response surface methodology [Zhang et
al.(2008)].
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HISHMEA EX
WS WA HAE 898t flowcharts Fig. 161 Y
(Zhang et al., 2008). WH3-EHEAH S o] &3}=
A= v 2t
(1) A72Fe] Fh A4-9] B4 weba] dFedd
< 53

(Fractional Factorial Design) &3 722 233 i Al
28] oM FEAE Zte SHHFE ddeta, 43P
& 243
(2) AE AFAIHS AYsta, 7122 @ Fs), v
3}, E53hol] 2A duiA]dl et AL s gt
B = o] AP S flste] AAdolE ] FEFA

N
AC)
i
o
—E’ Ug_"

AL -

(@) AR S5 st 2 mHle] A He
o o5 mde] ™t ofom HHA o I A7
F 2 E oAl AR

() BEEH Z2 R aY, 53 18 52 °l%
sto] H4 FdHOE olFe] 7Fedt 22|iL olFd IS
7F DETFE SRR

(6) W5 Zh2ke] HAghe deth

HHERHEEAE TS folle 3R, 2R 2 A
T 5 AL ARl BasHl s, olle 9l

&l 4] SAS(Statistical Analysis Systems Institute, USA),
Design Expert(Stat-Ease, Inc., USA)2} Minitab(Minitab, Inc.,
USA) 53 78 2T EG 0 E 088 % Atk

o I

F7F WSk F8% JFS vA=A & F
HA YR 2 2148 (Fractional Factorial Design), €322l
3] (Full Factorial Design) &< Plackett-Burman’ &

3 8 HAREFES ILE F 2H, o] screening®]
F-ZtH(Ferreira et al., 2004; Kim & Hong, 2005; Ferreira
al., 2007a; Tarley et al., 2009; Wang & Wan, 2009).

F AR RREEHEAYES A8 AA9dS AAs)
oF dth(Kim & Hong, 2005). AA|F & o]de] A3
oy AAALE] A Fe o]FEste A7 BohKim &
Hong, 2005). Z2]3. 1 9]o= AAIES shusihvs /N
o2 WA 2 Hhg-S A $ Jos A5 He
t ol W2 R sjXo] oA = AAMFIe
AEAES A dEsh7] AHYZHKim & Hong,
2005). wheEbA] 919 e Bt s 4SS etHAE A3
ARl Hlolg & &7] f18) AFAYH 52 shel 2’8
AAHE Faste] 7 AHE vEoE TR HEAH
Ag3al7] fg AAFYE S AT 4 AThKim & Hong,
2005). 2’2k 81 9] o] AAMTFES] BE TS
AV AL 7 AR a9 2 weAe-S WUt
g 4 A= Zo|thKim & Hong, 2005). L2t} A A4
F7F BolAH AFe] 37t 7ElETH LR BolA= ¢
Aol JAthKim & Hong, 2005). 3+ H, A (steepest
ascent methodyS ©]-&3tH FHZAFHo FHE IS T

A THRen et al., 2008; Wang & Wan, 2009).
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y = ﬂo + z ﬂixl.Jr Z ﬂ,:,’xiijr € (1)
i=1 5
e~ NO, &
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surface)= 2] (2)9} 2t}
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100 A
wrep SRS} 224 k=201, A2 AG)e] Ak
y = ,}J’o+,}3’1x1 +,}J’2xz+,}3’nx2|+bzzx§+,}3’12xlxz 3)

AN vy pol FHTOIN, B, B, bij% By, Bis
j 7 Z(least squares estlmates)*‘ UERATE

& 2395ty T3 AAESTE AR T,
% bl A A7 ¥ 2%} Atolo] FA| 2]

= O

—g %LL*FSM ﬂoﬂ AIAYE S sl AHx2AE 4L
Ak wEbA 4 3)o JAE parameterS F 317 23]
A BE AAES] FF0] HaF 30| HES AEA
32 slodof st} o)A —g_ A e A RHEEHEA o]
F&oith dtdor & dHA Qe 22 AR

=
3T S aIAg, %’Q /3719, Box-Behnken #| 2, 21
23l A AE L ob A ek 583 Doehlert A8 So] 9l
CH(Tarley et al, 2009; Bezerra et al, 2008; Ferreira et
al,, 2007a). o] AGHES A =27F AP A9, <179
%, 820 717} thzr},

00

2~ 2~ =
FEF,AE 3

He 70| D=8}

AP BARNS 5] AsiAE 2 Al BE A
wat A Aok sk, AAAN el e HH5)
@% Faysiol & AEGAS PAToF Fh(Tarley et

. 2009). AEA 1 72te) Axge] pEe

3]

%Ld U AAE 23S A HeE -1
1Ato]9] gro g2 ARt ST Foshr] U (x,
Xy, o X)ES T A@)~(5)°ll <A el el Fo
SIA7IA] e %kgi A= eH 714, x = BE x2
A2 Fotl AxE FEHF x7F H1(32Rh), -13HE
el AAst== 6‘}71] 3= 470 tH(Cho et al., 2006).
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xi,max_xi,mm

A 2 &)

A @ 2 el met 2 295 $53 33 vl

s 7+ _IOJ_O]Bi FE9 %/ﬂ;q, 73.,1_1:_.—%‘ o3}

HIOIE{e] 2 SAHIXE
HE)yE BES ol&sto] 2he3] e 21 2(6)°] €

¥ = fot (v m + (v 1) E 4*‘“} H (©6)
) 12/2 ﬁzz X2

i
lol

= bo +x'b+ x'Bx

2 @ A (6 2ol YeEhE o] A% x, b, B xX=
ok 72,
~ ,Aﬁn blz/z bls/z ,bk/z
x, B S .
x p ,322 ﬁ23/2 ﬂle/Z
t :2 b= A:?z B= bss ,Agsk/z 5 X000 X503,)
CE) B
2 () AFFARAN FHAF WS AP >
Sl WSS UEpiT QoA s Ao
2} g Ate] HolHE HaAsHow FAA T
zZ

ol 2ol AALHE FORA 4 (1-3) 2 ©)° 7
W pZ7te 24T 5 vk o 3 F RARA 5
% Z

oulo| MEAET}

ZAF Thaka o] o= 4
o g}, ZV\X}’S‘?‘S‘% o] %"H 7%
g 2Akske] A A 5
g, ol gk #FE& FAHEA o2kl ghtk(Hong et al.,
2000). FAHEA o= A 2AF vES o) S ¥
7F8l= F-test, t-test, 8 R*(adjust R*)3 AP HHS- &=
o] d24<S Hrlste R(AAASF) 5ol UTHHong et
al., 2000).

Rdo] AP IIE 913 EAEAS oW AAAE
NME FLsHA A&t FAHEAEE Table 19 4
TH(Ferreira et al., 2007b).
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Table 1. Analysis of variance table for the least squares fit of a model that is linear in its parameters [Ferreira et al. (2007b)]

Source of variation Sum of squares

Degr. freedom Mean square

Regression S8 = ii(},—?)z
i

Residual SS, = ii(y,,—jf,)z
T

Lack of fit SSi = ﬁ:i(},m)z
1 J

Pure error SSpe = ii(yij—)—/,)z
T

Total S8y = ii(}hﬁ)—’)z
T

% explained variation: SS;/SS;

Maximum % explainable variation: [(SS;— SS,.)/SS,]

p-1 MS,, = [SSp/(p-1)]
n-p MS, =[SS /(n-p)]
m-p MS,,; = [SS,,/(m-p)]
n-m MS,, = [SS,/(n-m)]

n-1

*n,: number of replicates at the i level; n2: number of distinct levels of the independent variables; n = Zni = total number of observations; p:number of

parameters in the model.

g (<] 5 XC‘)] BA
ok A olEE B8] 5¥ste RHUYTE SS> AA
= Zopnh SS i SS9 WlE2 3|FRge] AH

she WEe] B8-S vehln, 2% R(AHAS; coefficient
of determination)©. 2 3 A]gtcE R*S 0~1AFo] 2] Flo|t)
R>& 1 3|9 rdo] tolHE driuta 243 o=
BE7HE Yepll= H=rt 571 kAR 24l A3
< AAshs 72 E AR 5 gl duksid, R
e AFErt ZHEFHA FRX7] W o] tH(Ferreira et al.,
2007b). WEHH R*E A&k thalel, Af=7F 28 o
29 4 R*(adjust R?S AF&3Ht}.

2
_(I*R )n—1) (10)

adjust R =1
n—p

714 ne RdS AAster] AHE A3 T3, pe
dlo] A2l o]t} adjust R%S 0~1AFe]2] gholH, o]
grol 19l 7k Rdl2 A esi
wdle] 2 Oqlvj—%‘ dkete & skl e A
Hﬁ"%(la(:k of fity W olt}. T4 A HPE@HH et
HHEo] 7|Rleke gt oAE 8T & ot wet
"1 A e FRoR BEY O]E‘r a2 270
o] 22 e LAl 719dske Alwr (sS4
]

Ao (lack of fityell 7]1¢18k= AFTH(SS,,)°

SS,= S8, + S, (11)

zhzkol (| A 3], 2k}, AR A, =) HE e Al
HSHSS; Sum of squares)2 Z+zFe] Abf-=(degree of
freedom)Z FHI3E 7o) A (MS; Mean square)©]

CH(Table 1). 9HeF = A3 of
= Al&=d e Pﬂ% Ll ofﬁﬁ}. EE?& Mspe—‘:— o] 93}
o] FA Ao, o] F 9] 72 FAHOE thEA] gl
7P Rt o|Zlo] wiz A g d e o] 1 7id o] th(Bezerra
et al, 2008). F-tests ©]-&38to] MS, oF MS, Atolol F7

Hom o8 FL folohn) oA Brrg,

MSlof/MSpezFVlof, Vpe (12)
ATNA vy S v, = Zh2h ARAAS D wsox) Mg
B Agwolry. wek MS,,/ Ms 8| ko] FEE %o
oat gur 2 %ol wde Age Zael, el
2 mEe o) AAEelol gtk e 2 whfel 7
ol 2 wee Ageitia HEE & A,

T3k, Ad Ao Wl oste] Hgtsitia WHE &
dlof] 3k3 A (Ferreira et al., 2007b) Regression significance
H7ted = Aot FAFFAFMS ) FERFE A
(MS)2] Hl& FiEER S 3hE HlaLste] FAA SR {9
A E H7HE 5 3

rulru

MSp/MS,~Fyp p, (13)
A7IA, veot v 22t 319 9 AR Eol] A E A
ojth. whetr o] Yol FAHCE f{ofstE™A MSR/
MS. 8] Fte] FEEixe] Tl vh=A] 7ok gith o]AL
o] g+ o] AdolE et & A sl v AS
LERd T

TAHEA fof] BRdS Wit E UE Yo EE
ZHEA] S0l ATH(An et al., 2010)
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257710 2

QMM y = 6= O X A3 5 WS FFOIH yE
HA(D)s71= xo #E T3] fske y & xE v
w3k 2 (14)7} Hct.

O _ 2 (3 wb+xBy) = b+ 2Bx (14)

Oox Ox
2 (149 xoll 1,5 st b2By=0& EW 2152
|

7o) He}.

Xy = - %B”b (15)

ol wf, o] & x5 AJH(stationary point)©]2}il FET}
(Park, 2005).

o] e A 22k HHANA T2 Al 7HA] F
shb7E " tkPark, 2005). =, 2 Al 7HAE © yeol AW
7F HE xo AEUWA), @ yol Hart == x9 HEFH4A
), @ yol U= oy HALE old xo <R
(saddle point)o]th. o] Aol A, HaH, T o
A(E2 ol E HRIAE IRlsk= W= 27t
A7F doh 2 F 7R BEEA S o)&stke WHE 5
I, FHUIHS o] &= WHolth 23d],

A X5 2 (159 gate] Fate A 4
o] AA, HAA, Ee M FollA ot A
o= A& &olgk do] oflH, g} TS 2¥
= AL HS PE dolrh(Park, 2005). 74l A
A, e HAHAA], B FRAHRIAI= 23180 Al 8
4 B Zf7k(eigen value)d] ¥3= I BrHYim
et al,, 2008). 2t AHd4 AE B ALfpke] FIiEnt
ofue}l Afrzke] A 7|7 A28 ol st
Z] o] tH(Yim et al., 2008).

olglgh LA E vlwA &olaHA AT F U, HFE
2] (canonical formyS =3l WS THS EA
71 S A 54 (canonical analysis)©]2}aL -
al., 2008; Park, 2005). AFE4o-= ¥ E B
T35 9 AgariE #3771 sk, 26y A
A, o o] AR FHE AAE FA
Yol A g o] FTHYim et al., 2008).

T
—
BE] =

=

A n 2 2 2
Y=yt A4 o] T Loyt ..+ o

k 2 (16)

A7IA y, = B4 X elA e wkegke] Fgkola, 34
Ae 258 A FE B A3k (eigen value)E°lH, o,
= SR dojzl FYuelth H16)= 429
AEg A olg} FETHYim et al, 2008). 42)= AW (x,,

fof

X, v, x) AL FE A A A BHE 22 rhakA ol vt

of, 2(16) 24t o] 43S F &
AMZE AR st defo] HuiEFHES 10 A
AAN Az AuHAE AAS (0, 0, -, 0)Z I

Al ES 22| tH(Yim et al., 2008). 1714 w,, @, -,
o, © B IF#EC g&EE AFUE S oJsiA 2%
HTH(Yim et al,, 2008). & B2 eigen value(L)E 2(16)
o A&ate] Aol HAHAA, HaAA, ofH <t
1A21 5wttt &, @ eigen valueZt B5F S5°]H
HojdelaL, @ eigen value?b EF rold A
H 7 olH, B eigen value?t ot &571 4

< ot 3N A AR o] A
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ol ohz R Aol SARAS
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il o]# o] AUTtHLee, 2008).

o

(A
by
-0,

NEm2pao| HHEIE 9I6h 27 Bl72Y MEHE o

Ao A AMEEE 23 I ARY AF
= F295ZH (random design), & 2 Q1A ™,
Al 8X, Box-Behnken 78", Dochlert A8 5
o] At} ey} A& AREste] TSR HS 5
s ARAES] 7 YN Bot
A Al7ko] B ZA| ] 735 A&-o] E7Fs3tH(Hong et
al., 2000). wHpA] 9le] e AIGHE st
o] A etarzt gt
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15Z

Table 2. Experimental matrices for the two-factor full factorial
design [Bezerra et al.(2008)]

X] XZ
-1 -1
-1 0
-1 1
0 -1
0 0
0 1
1 -1
1 0
1 1




(@4 (b) 4

X3

X1 X X1

Fig. 2. Experimental designs based on the study of all variables
in three levels: full three-level factorial design for the optimiza-
tion of (a) two variables and (b) three variables [Bezerra et al.
(2008)].

22IAIEl(Full three-level factorial designs)
A aclAE %(Full three-level factorial designs)
4 et shv= 3
7HA AL »lzl 2tk AolM(Lee, 2008), % HHE skt
h ek 2 gl o) 74154@—3: &5 ahe

. AT= N:3k =z 74]”—“‘ = O‘_Eﬁ

o71A N A3, k= <A Folti(Bezerra et al.,
Hel 882 dFrYe Al 5 dd

T2 Uie wolgtal Ao stth(Ferreira et al., 2004). ©] Al
] BEe] §&0] Hojx|7] Wi, 357F

S o] & uf A|eFS WA = (Bezerra et

al-, 2008), 2?4 WHSEHEFE Y FHE f AgAges
[e2D

Table 3. Some applications of Factorial design in food technology

AEA|FZ 2 M| 220] F A3} 103
2o A3A Y, o]EHH Box-BehnkenAld, 434 A
, Doehlert Al 3} 7+ AlgHEo] AX O A5 A

2]
:93'
T3 9lth(Bezerra et al., 2008). L2} 21z}9]
A= o] AFHL HL3 ) 2o §8L AT
A E ¥} v w3 vhsltk(Bezerra et al., 2008).

Fig. 20l 1#}e] =7F 742t 291 39 wje] 3¢ ¢ Q
A EH S e th(Bezerra et al., 2008). Table 21: 2l

2ol 7} 291 7390 AL wjde Zo|thBezerra et
al., 2008).
NEAZZ2ALE A7) 5ol 35F BRRA

IS 83 2 A+ dE Table 391 “°i‘jr el
“J(Bezerra et al., 2008; Aragao et al, 2005; Saccani et al,
2005; Davies et al., 2004), 5= 33 (Juntachote et al., 2006),
A=A EFH (Lee & Ryu, 2006a), Ar++357(Choi et al,
2007)e] HA 3}t A9 37T HAQRIAEE S o833t
2] ZF(Bezerra et al., 2008; Davies et al., 2004), X}(Bezerra et
al., 2008; Aragao et al., 2005), ¥ X] 227](Bezerra et al., 2008;
Saccani et al., 2005), 7]1EKChoi et al., 2007; Juntachote et
al., 2006; Lee & Ryu, 2006b)§—‘?—E1 7y zAH S F A3}
Al 357 AL JAGYH S o3t

REASN ISR

ZS8H474|&l (Central Composite design)

=) &3 A 8l (central composite design)S 195139 Box
S} Wilson®ll o]al] 229tE o] A F7kA] Wh-g-RHEA o] thiE
2l AAAI G o2 o] &3 UTHLee, 2008).

o] AFAGH L tha3 22 Al 7] FEOE FAH o
A tH(Bezerra et al., 2008; Ferreira et al., 2007b). == Al 7}
A R O 24 full factorial design =2 fractical
factorial design(Z, 2JAFH TAA), @ 2 AFH] =
Ao ERE attg Dolxl Aol AR F7F AP,

Response variables Optimized parameters Samples

Optimized process Objective of study References

chromatographic resolution, coffee, tea,

analysis time

mobile phase
concentration, flow rate

sulfonamide moles monomer, moles foodstuffs

cross-linker
Formic acid and fresh and
Ammonium formate
concentration

chromatographic resolution

products

yield, total phenolic content,  ethanol:water ratio,

reducing powder, antioxident temp., time galangal, holy
activity basil, rosemary
rutin screw speed, barrel buckwheat

temp., moisture cont.

bacteria, yeast & mold, taste,
color, vitamin C flow rate, temp., pulse

width

dry-cured pork

lemon grass,

electric field, frequency, vegitable juice non-thermal

separation by
reverse-phase
HPLC

improving the Bezerra et al.
chromatographic resolution (2008); Aragao et al.
among these three (2005)

substances

developing a molecularly Bezerra et al.
imprinted polymer for (2008); Davies et al.
separation of the analytes (2004)

separation by
HPLC

separation by ion optimizing the mobile Bezerra et al.

chromatography  phase composition (2008); Saccani et
al. (2005)
extraction extracting of the Juntachote et al.
antioxidants (2006)
extrusion observing the change of Lee & Ryu (2006a)

rutin content

sterilizing juice using Choi et al. (2007)

sterilization Pulsed Electric Field
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Fig. 3. Central composite designs for the optimization of: (a)
two variables(c=1.41) and (b) three variables (=1.68). ( @ )
Points of factorial design, (O ) axial points and ([J ) central
point [Bezerra et al. (2008)].

=4 ) ® s eIt
W7E 22 ol 3L Ao SAREA
< L}E} Zo|th(Bezerra et al., 2008).
ZATAAAZD L S e EAS zheth(Bezerra et
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Table 4. Experimental matrices for central composite designs :
(a) two variables and (b) three variables [Bezerra et al.(2008)]

(@ (b)

Factorial design -1 -1 Factorial design -1 -1 -1
Axial points o
a
0 -
0
0

Central point Axial points -
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Central point

=7 £ 39S FHAHLE FAHHES
AEe] MEs H43erh(Lee, 2008). 31714 0]
SHeRNH 22 Aol de F AA
(prediction variance)®| & 7S 7= 44
]ﬁ(rotatable design)o| & olelgt 34
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Table 5. Some applications of central composite design in food technology

Response variables Optimized parameters ~ Samples Optimized process Objective of study References
DPPH radical temp., time black Ginger extraction improving the Ban et al. (2010a)
anti-oxidation
total phenols, reducing sugar solvent to sample ratio, quince extraction extracting the functional Jeon et al. (2010)
temp., soluble solid compound
contents
Antiradical activity temp., time, ethanol grape extraction maximizing the Ghafoor & Choi
conc. antiradical activity (2009)
B-glucan temp., time, ethanol Rice bran, Rice extraction improving the function Jeon et al. (2009)
conc. germ activity
color, sugar, salinity, yield, electron sample ratio, temp., Glasswort extraction extracting the functional Park et al. (2009)
donating ability, total polyphenol ethanol conc. compound
volatile compounds sample volume, speed, vinegar extraction by GC  optimizing the extraction Bezerra et al.
time, dilution, temp., and desorption analytical (2008); Guerrero
flow rate, conditions of a stir bar et al. (2006)
sorptive extraction for
volatile compounds
Aluminum HNO,:H,S0O,:H,0,, juices, soft extraction developing a preparation Bezerra et al.

HNO,:H,0,, time, temp. drink

(2008); Jalbani et
al. (2006)

method based on
ultrasound-assisted
pseudo-digestion
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Table 5. Some applications of central composite design in food technology (continued)
soluble solid content, total solvent ratio, temp., time Glycyrrhira hot-water extraction extracting the functional Jeon et al.
polyphenol, electron donating uralensis compound (2008)
ability, browning color, reducing
sugar content
yield, electron donating ability,  time, ethanol conc., Houttuynia cordara extraction extracting the functional Shin et al.
total polyphenol, total flavonoid, mixing ratio of sample thunb & Saururus compound (2008)
etc chinensis ball
total phenol, carotenoid, electron temp., time, ethanol Paprica extraction extracting the functional Im et al.
donating ability, absorbance of ~ conc. compound (2007)
extract, browning color
yield, total sugar, protein, total ~ microwave power, time Heicium erinaceus extraction extracting the functional Lee et al.
phenol, electron donating ability, compound (2007)
browning color
total yield, total phenolics, electron temp., press. Zanthoxylum extraction using developing flavor Youn et al.
donating ability, citronellal, geranyl schinifolium supercritical CO,  material from (2006)
acetate, [3-caryophyllene Zanthoxylum
schinifolium
biogenic amines temp., time, red wines separation by HPLC optimizing the Ferreira et al.
concentration, combination of (2007b);
pH,volume derivation, extraction and Garcia-Villar
separation et al. (2006)
triazolopyrimidine solfoanilide =~ nebulizer pressure, dry soy milk separation by CE- developing a new and  Ferreira et al.
gas flow rate, dry gas MS more selective analytical (2007b);
temp., composition of the procedure Hernandez-
sheath liquid Borges et al.
(2005)
volatile phenols extraction time, temp., wines separation by GC  optimizing the conditions Ferreira et al.
ionic strength, sample of solid-phase (2007b);
volume microextraction Megjias et al.
(2003)
color, taste, texture, overall quality mulberry leaf powder, soybean curd milling & blending manufacturing the health Han et al.
particle size of mulberry food (2005)
leaf powder, grape seed
extract
lightness, redness, yellowness, ~ Danggue powder, brown wheat flour blending developing a recipe for a Joo et al.
spread ratio, hardness sugar, butter nutritional cookie (2009)
containg Danggue
powder
lightness, redness, yellowness, Red ginseng powder,  Red ginseng blending developing the recipe of Lee et al.
spread ratio, hardness sugar, butter powder cookie including Red  (2006)
ginseng powder
flavor, taste, color maesil extract, red pepper Kochujang blending developing new type of Seog & Lee
powder processed food (2007)
viscosity moisture content, grining starch milling observing the changes in Martinez-
time physical properties Bustos et al.
(2007)
specific mechanical energy, die  temp., feed moisture  tatary buckwheat extrusion-cooking improving the water-  Lee et al.
pressure, bulk density, water soluble tatary of (2008)
solubility index, buckwheat

nitrogen solubility index, rice flour content, die
integrity index, rehydration ratio, temp., feed moisture
density, sensory analysis

acidic polysaccharide, temp., time
ginsenoside Rg3, benzopyrene,

phenolic content

moisture content, antiradical temp., time
activity

extract yield, crude saponin, acidic moisture content,
polysaccharide, total phenolic puffing pressure
content

rice-isolated soy
protein-file fish
mix.

black ginseng

Opyster hydrolysate,

plant extract
ginseng

extrusion

steaming, drying

drying

puffing(steaming)

manufacturing the health Lee (2004)
food

reducing the content of Ban et al.
benzopyrene and (2010b)
enhancing the content

of functional compound

preparating the tablet ~ Cho et al.

(2008)
facilitating the Yoon et al.
solubilization of (2010)

functional compounds
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Table 5. Some applications of central composite design in food technology (continued)

hardness, adhesiveness,
cohesiveness, springiness,
initial stress

sensory score, yield

temp., time Soybean

pH, temp., stabilizer milk
iturin concentration

color, texture, sensory Spirulina, salt, water

hydroximethylfurfural potential, cofactor honey
concentration

particle size, iron content,  refining time, agitator  cocoa

enery consumption speed

onion powder, baking temp. pH, acidity, moisture,  wheat flour

density, spread factor,
color, texture

paste(Doenjang)

agitation, aeration, baffleBacillus subtilis

Korean rice cake

heat-stabilization observing the texture Mok (2007)
change

heating, pH creating the low-fat Nanda et al. (2004)

controlling processed paneer

fermentation producting the antifungal Shih et al. (2009)
lipopeptide

mixing determining the mixing Kim et al. (2009)

ratio of three comp.
quantification by
electrochemical
biosensor chips

developing the Bezerra et al.
microbiosensors built by (2008); Lomillo et
photolithographic al. (2006)
techniques and based on a

Pt microelectrode chip

refining reducing the refing time Alamprese et al.

and energy consumption (2007)

partially replacing the Kim et al. (2007)
wheat flour with onion

powders

baking process

< S7HA FAE ol 7Hestth(Park, 2005).
A 7Bolle SATEAT L 3FEadmAy ot
A A2 Fo] AFIFE /AL S ¥ ol 2H(Park,
2005) I A= g T3} H(Ferreira et al.,
2007b). 2% 7] ) A gstetz] flsiA
= SAIEEA o FEH QXY
o Bls) €4 o A TH(Tarley et al.,
2009; Ferreira et al., 2007b; Ferreira et al., 2004). &2
2 SATEAG] 223 dg AP or 7HE Wol o]&
=|o] $Fti(Tarley et al., 2009; Ferreira et al., 2004).
FAWANGL A8 AAE FHRAL ) 2
o] 37HA] BES AlRsE dart Slck(Ferreira et al.,
2007b). THHIALE A8 A= HAHS 2
ME & ARV, HAHES 01\:1 of wiAE AJATE, ake
dnt=z 3} , A1 A

rl

3 NAe] REESleE oqu]'i g AQE 4
Aaf|oprt stet. ST AL ] YES Table 40 YERASL
U-(Bezerra et al., 2008). Table 4= O] AAA L] 24FA
(Fig. 3 F=x)e Z==2 A3 o2 YeR 2tk (Bezerra
et al., 2008). Table 40X 21Zo] A2 Axte] 47} 291
7otk Ao e A (run)S HAKS FA L2’
Oo]ﬁ]ﬁ) oo 479 AL (a=.2)9 =S A
3, YHAE Aot Table 49] 2 EF] A& 3207
—4 ZAgolle 2’=8(FAF)S Aol Adem, a7t 1.683%]
671 &3 FA Aol Utk FA A A A 2*a 171 ¢
o FE= dPH] Fe AR Fol EstnE, At
o] 7t B& e AAHY F7F vUF BA HEE, oA
S A3 @A kel Zlo] & EUHFerreira et al., 2007b).
FATAAG L AFAZZZALE HAStst=d 7
Zol A&E A F shtolrt. AFARZEA 2

119233%1
il

FAEAGH S A8 Atdl= tids] B7] wite, F
29 AukS HAate] Table 59 AT} &, B, 4,
v, A, Az, 2%, 71, B 5 g 4L F
A s}et o] AHAJARES] QA 27 (critical conditionsyS 2

=2
_‘%_
%
goted SATEAZE olEskAth(Table 5 3=x). 44,
B2 ARERY Z4F 25 3
SPA] SAEAAI B2 o8-S TH(Table 5 =)

Box-Behnken A&

T ofH Q1A He FEH (Ev) W T
setting?| A AES & H g
AR AHE T F
2008)? ©]ell thgh tito = A 2
Box2} Behnkene %313 (courner pomt)°ﬂ A Fsl= A3
Aol 2go] A e MEL /“'6474151
(Box & Behnken, 1960), ©] Al o2 HE
Al 12 9 23t AR S %?:‘31 A
et al., 2008). Box-Behnken 7] 8- ¢
H(Balanced Incomplete Block Design; BIBD)ll 2¢ Q.¢<l
WA Y& Aate] 71 2A18S FHstL T HA A
FIHAAA 22 RESEHA S FEE F e
A z-o AF 0| THLee, 2008).

A27F 39 Wl Box-Behnken®] AH -2 27k4]2] Je|=
YUeld 4 th(Ferreira et al., 2007a). =, O Fig. 4(a)°llA
E T Ade AAE, BAEY SAHH A SAde

2 A9 A, @ Fig 4b)elA B+ Ae AAHE, 22
LA E I A2 FH TS vER 2ol 2A
Eo|t}. Box-Behnken AlZo X 7+ A E S Fig. 4(b)ol
Al E AR, SRR E 22 A8 (hypersphere

A NE
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Fig. 4. Graphical representation of Box-Behnken designs for the
optimization of three variables: (a) the cube and (b) three
interlocking 2” factorial design [Ferreira et al. (2007a)].

equidistant)ol] 12|82 ot &, 2t AL FAH =R
B wbgo] 2 (FEEHS o FEAel Exlste gold,
ArkA| 9] FA- (courner point)ell Fd= HPHLS X
o] oF ¥t} ulg}b Box-Behnken A& AEA A
she SHAAS] BAEES] T4 A AFFGe] T4l
A A8 sl AlZo|tHAn et al., 2010; Lee, 2008).

Table 69| 4= Q1AL =7} 39w Box-Behnkend Al 4-&
Al ZE3E - e Y th(Bezerra et al., 2008; Ferreira
et al, 2007b). ©] AANL 3709 KE} 7] o|ate]
Aoz P AL, 7 FiE2 o] 2O R o] FolA
e AL g7 & F AUtk 72 F5 QbllA =, 2709 Q1A
+ Box-Behnken A A7} ZE <1z} s 43S w7]
et Aol 1 ®E kel JIAE FAdA 21E At
= BE QT SHEAE wE, S &L, t1)eE 2
A, U] Qs Y 022 I FTHKim &
Park, 2009).
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Table 6. Coded factor levels for Box-Behnken designs for
optimizations involving three factors [Bezerra et al.(2008)]

X X2 X
-1 -1 0
1 -1 0
-1 1 0
1 1 0
-1 0 -1
1 0 -1
-1 0 1
1 0 1
0 -1 -1
0 1 -1
0 -1 1
0 1 1
0 0 0

Table 7. Coded factor levels for Box-Behnken designs for
optimizations involving four and five factors [Ferreira et
al.(2007a)]

Four-factor Five-factor

X; X X5 Xa Xi X Xz Xs Xs
+1 +1 0 0 +1 +1 0 0 0
0 0 +1 +1 0 0 +1 +1 0
0 0 0 0 0 +1 0 0 +1
+1 0 +1 0 0
0 0 0 +1 +1
+1 0 0 +1 0 0 0 0 0
0 +1 +1 0
0 0 0 0
0 +1 +1 0 0
+1 0 0 +1 0
+1 0 +1 0 0 0 +1 0 +1
0 +1 0 +1 +1 0 0 0 +1
0 0 0 0 0 +1 0 +1 0
0 0 0 0 0

o1zF7F 470, 570 2] Box-Behnken’d Aol Z=3}%
AL Table 73 7T} (Ferreira et al., 2007a). Table 7|
A e mket o], dAke] F7F 49F 59 W Box-
Behnken A= AwEE502 wjdd 4 dth(Ferreira et
al., 2007a; Ferreira et al., 2007b). ©] oA HHe zZ+7zt
o] (1, £HETS HHAEAE etk tiede bE
E5S FEgt olef Zo] EFAHNAYOR Qlste] BF
| Z2el e FA ¥k 22129 S E5E A &
th A1 tH(Ferreira et al., 2007a, Ferreira et al., 2007b). 2
go] BEE50 2 wjdxojoltt & uj o] AwEEL ulFZ
s, 5837 AAA 2 AHoltK(Ferreira et al., 2007a;
Ferreira et al., 2007b).

ol AYH Fd SAL taH L HBezerra et al.,

2008). © A3 34 vt} 2ol wEn).
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N=2k(k-1) +C,
A7IA ke AR F, CE T ] A@Slgott
@ 2 QA= e WHEA 37}%191 FEC104DE
2 24k, 7 #ES Alole] ZHAS0] ZES shojo}
g},

Box-Behnkend 7l =
8=

AR o] 2

O

7} Q1ALe] 3ol A A et=E sh
ZEAG A7t ol met = A IAES e
) 0. ™ (Lee, 2008), 2] 2LE-=(orthogonal blocking)<
£7] &o]&}tkPark, 2005). Box-Behnkend Al ¢] & T} &
2 AAE0] FA 7MY 2232 W) S 7
< 7THIA] Fethe slolth wEbA o] Al =
(&, A BAR)SlM AP S she AS FotaL
o] &3tk W=, o] AP S st e
A2} k= gl tisiMe 237 Yltk(Tarley et
al., 2009; Ferreira et al., 2007a; Ferreira et al., 2007b). ©] A
Aol olebA 1AEY F8S g AFPolA e Hlo]
He A = gltke Holth &, 24238 F4s17] <
stod A58 T A3 stedof %E}(Lee, 2008).
52 Box-Behnken| &3} Th2 A& v} A} $hot
Fig. 49 21z+e] =7} 39 w 2] Box-Behnken] & <&
Uelilen, AddLe 13708t A4S o 4 A tk(Ferreira
et al, 2007a). 3° ¢ QA gHe] A °l 27701 A3
vl W3] R W (Fig. 2(b)), ©] Box-BehnkenA| & o] 3° &A
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QAN R T AR Hol, SEHolgls AL FESH
%37]' ot} e1x}e] 7 BE wo|= o] AFHE 3k 9

QRAIEH R ] S84 0], 7dA A o|th(Bezerra et
2008) °| 12%'33 A} 7t k 7R 9ol 3¢ <
Z* A ET Ao ¢7F BA oM AuE
=-(Orthogonal blocking)e TH57] &o]3tar, 22 3]|AWAH

el
)
fols

N 7 5 Q] WEe] WSERRHo|N £5] AHgH
37 ) hPark, 2005).

=218k Al 8l H 3 Box-Behnken A8
of Hlsl HwA A& AdASFE “&%ELQI 33 54
zZH Jepd o sle Aol o] 2w we ﬂ?oﬂﬁ
AH&-E]o] $tH(Hong et al., 2000). Box-BehnkenA| &2 Wk
SEHE] 12} 3, 23 FE g&HoE FA, A
Tt 2E A SAFPEAART AASF7T ATHAD et
al., 2010; Kim & Park, 2009). %3+ Box-Behnken’d Al &
LA AHH o] ETE|A] k= AHAA Fo]7] wj &, &
A oA o] A7t U5 EAY dAH o= AFo]
E715E 79 Box-Behnkend A7} 2 A Ao wl&] 2]
A AFE-E = UTHAn et al,, 2010; Kim & Park, 2009).

Box-Behnken7l| & -2 o & 712 €] 3letz 2= gl &
ZEMEE HAHstsk=t] o]&E o] gtk olHMA= AF
Z2AM 20 o] AZEE 0] &3 o= FAFEAGEE ©l
&35k oo Hla AR o Atk 2 dellA Ak Bkt
o] o] AlFHE FATAEAGYET} G o] B wfZel,
01] Box-Behnken”l| &'H & AR8-3to] 2| FA| 2 Z2A| 2
Hglsl= 2o 7 2Ho] o] Aty Aysit)
A ZEZZA S HA3)57] 95k Box-Behnken”]
o] &3t B kA9l o & Table 8ol AT ®EF
2008; Ferreira et al., 2007a; Martendal
al., 2007; Stafiej et al., 2006; Hows et al., 1997), &
XJ(Lee & Ryu, 2006b), &3 (Trinca et al., 1999),
vl 37 (Hwang et al., 2008) = &3}~ Box-BehnkenA| 2]
S o]&39 Y. A (Bezerra et al., 2008; Stafiej et al.,
2006), 221 (Ferreira et al., 2007a; Martendal et al., 2007),
ZAX](Hwang et al., 2008), H-*(Lee & Ryu, 2006b), 7]1E}
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Table 8. Some applications of Box-Behnken design in food technology

Response variables Optimized parameters ~ Samples

Optimized References

process

Objective of study

aliphatic aldehydes time, temp., 2,4-

dinitrophenylhydrazine

potato chips

sulphonamides, dihydrofolate pH, sodium dodecyl
reductase inhibitors, sulfate concentration,
beta-lactam antibiotics voltage

time, pH, NaCl
concentration, temp.

2,4,6-trichloroanisole, wine

2,4,6-tribromoanisole

yield, crude protein,

crude ash, cd

pastry size, pastry strength,
pastry colour

temp., time, water

moisture content, screw
speed
Dextran cont., cell mass, PH, temp., yeast extract Kimchi

yield, productivity

food products

Cod byproduct hot water

flow rate of water, initial pastry dough mixing

separation by
HPLC

establishing the optimum Bezerra et al. (2008);
conditions for the Stafiej et al. (2006)
derivatization reaction of
the analytes with 2,4-
dinitrophenylhydrazine
optimizing the

separation by Bezerra et al. (2008);

capillary simultaneous separation of Hows et al. (1997)
electrophoresis  these substances
separation by deveploping a new Martendal et al.
GC-ECD analytical method (2007); Ferreira et
al.(2007a)
extracting the functional Lee & Ryu (2006b)
extraction compound
controlling the properties Trinca et al. (1999)
of the pastry

culturing maximizing the production Hwang et al. (2008)

of dextran
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Fig. 5. Hexagonal Doehlert two-factorial design with three
possible displacements in the experimental space [Ferreira et al.
(2007b)].

(Bezerra et al., 2008; Trinca & Gilmour, 1999; Hows et
al, 1997)2 78 7}5 Z2HS 34814 Box-Behnken|

L olgsiith

Doehlert A&

ool A= Aol A A, = A= 5
g AGHRS FHFa ghoh 7ol mEbA = <l T
< 9 w7t FEE Ak IR S vEA
HAE, 22t e 283 4= Q= v {83k A A
©] 1970 Dochlertel] &]3}od A 9t= Sl tH(Doehlert, 1970).

DoehlertA & o] 542 th&3 Zth(Bezerra et al,
2008). © A 34 thae] Aol mEt),
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A7IM ke AL F, ¢ = TN WHESlge T
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2.2 olFo] 7hssH, of Wl olFalr] o] YA

= AHEE Sl

ol Ao dAF A2 AAF 2, 3 B 30174 A
oll ZtzF 9, + % ZTF(hypersphere) 3ol A Th(Bezerra
al(2008). TEd 7 A3 Gl YoM AGES B
wdet, 2 74 vt 7”:]' Fig. 5914 2 & <)
vle} o] Qake] 427} 2¢1 79, Dochlert A1 EW
A2 4579 53 X4°1 6 (ol xh F

T =)o) TtHFerreira et al., 2007b). Fig. 54
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Table 9. Coded factor levels for the two-factor Doehlert D-1
design [Ferreira et al.(2007b)]

Run X, X, Substraction

1* 0.0 0.0

2* 1.0 0.0

3 0.5 0.866

4° -1.0 0.0 1-2

b -0.5 -0.866 1-3

6° -0.5 0.866 3-2

7° 0.5 -0.866 2-3

* The runs in bold face are those defining the initial simplex.
® The other runs are obtained by substracting every run from each other.

B, A% 2718 AA FRoA FdA FRe= o
T Uute AS & F Ut o] E = 3
Table 991 LFERN A Th(Ferreira et al., 2007b). <1#}2] ‘l‘7]’
29 wj €] Doehlert AIZ W D-12 7Pg LAzl A glojn,
o] A7t ] X E Table 99 13914 AY74A] Z=gho
2 Yeh Y tHFerreira et al., 2007b). Table 9°ﬂ A B F
U= vie} Zho], Azt e RE A A3 7F 2}

E THoEA 4-THA A Tt 2= Lz—% A
2 9t}

A2e] 71 3 gl o] AYH] AR A
™A (cuboctahedron)Z 4313 1 tH(Bezerra et al., 2008).
3212k theiM = A E R 2pP> 2R E] 7]stEkE 3o
wel gk th(Ferreira et al.,, 2004). =, Fig. 6914 & 5
AT v} o] o] AL HHddl ofgA FPE=W
of wel deAng, 4 PHo| tE F7F ATk Bezerra
et al, 2008). Table 102 Q1Ake] =7} 3w} g-awA|
FIA g vehte 271 8] APy E S B FA T

o P
> B oft
o not

o ©

/ Xy X

Fig. 6. Doehlert designs for the optimization of three variables
originated by the two-plane projection of the cuboctahedron
geometric solid | Bezerra et al. (2008)].
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Table 10. Doehlert matrices for three variables for the plane
projection (a) “a” of Fig. 6 and (b) “b” of Fig. 6 [Bezerra et
al.(2008)]

"

(a) (b)

X] XZ X3 X] X2 X3
0 0 0 0 0 0
0 -1 0 1 0 0
1 0 0 0.5 0.866 0
0 1 0 0.5 0.289 0.817
-1 0 0 -1 0 0
-0.5 -0.5 0.707 -0.5 -0.866 0
0.5 -0.5 0.707 -0.5 -0.289 -0.817
0.5 0.5 0.707 0.5 -0.866 0
-0.5 0.5 0.707 0.5 -0.289 -0.817
-0.5 -0.5 -0.707 -0.5 0.866 0
0.5 -0.5 -0.707 0 0.577 -0.817
0.5 0.5 -0.707 -0.5 0.289 0.817
-0.5 0.5 -0.707 0 -0.577 0.817
"Doehlert D-1

(Bezerra et al., 2008). Table 112 A} 71 4 o

2~z 2=
T T

Doehlert Al&Hol T3l 2lz}o]

YEePA CH(Ferreira et al., 2004).
o1zte] 47} kol 7ZA$-ollE, DAl simplex)ell U FE 7}

= shuhe] e dxlolw, YA kel HES Aol &

=
Aol w7do] 191 2] HHA e Eo] th(Ferreira et al,

o =gt e

ol A

2007b). WEHA o] o) = FE Alole] ARle BF £
HNEO

T} o]} 7ro] HF T-(spherical)d & ol L3t
TESFEE, Doehlert= ©] Al¥ %S uniform shell design®]
2}al A3} TH(Ferreira et al., 2007b).

Doehlert 7|82 -3 (spherical)S! ]
2 R HA Y Ho] AL
& t}(Ferreira et al., 2007b). &
ofum 3d4E 7L e A= oYL, dF
ol A ALl AAA +L3HA

2007b).

Dochlert 718" o] P& th& A Ey
(route)E 7R3 Y=
2e AAE 7L T o] Al
g&o] =tt= ZAo|th(Bezerra et al., 2008).
APl = FLstA space-fillingS
mapping space®| B E&&olt}t. &, §713 o]
S AG7] wiE I g S74F o]
3 ZBEHO0RE AL F UTH(Ferreira et al., 2007b; Ferreira
et al, 2004). Doehlert A1 o= o] st AFS
RHESHA F o] s 9o R A&e o jlon, oA
< Fig. 50 e XATH(Ferreira et al,, 2007b). 212ke] 7}
29w 2719] AAWS 6719 (2”4 BCDEFG)oItt. &
AR A9 A o X, 17}l thali A ] 501H,

| = e

H

R
L

o

A

KR
e

TH(Ferreira et al.,

i R=SeR

= ==
a2

= T

3

el

- ==

X102 e tisliA = o] 3ol 2714 Alge=RE
FIoZ(doA HH Fi) oled F Utk A7
Tk 2719] Al o2 RE X2 U =4, X,& H 2A o]
satazl g, §7F8 PONLGFME ARS8 =32, o
71 #2421 FoF G= 1= AM7bsslitt. wheF A3
8ol ol EAY 7|7ke] o A™UttEA] i, ofH]
EAH Fol GlA 8 7S I E AR = Qdt) o]}
Z+o] Doehlert A 82 space-filling A & ] ) TUH(Ferreira et
al,, 2007b). shte] S7H3o] the S o2 X|3hd| ot
g} A GGl gape ¢t} (Ferreira et al., 2007b).

T OE A2 Ado] dA&HHo R o]Fojd F e I
S AYIL A= Foltk(Ferreira et al., 2007b; Ferreira
et al, 2004). ¢S EWH, g0l AFHo] 0|71 U= A7
Ao AdEs Akt stdts, 2 A38S 2 v

AN AAHED 4= Utk= Holth Doehlert 7| 2% o]

AR g FRRE E e 54 Agsks =3 A
2 AT QT 9o, o] B /1E FAgd

a2 A F doe A
2007b). 2 WEE= thE o] S71E dF wirt 9l
th =, Agoe fasitta AztEs Q1A 24E HEst
of AZE BAAL, I thaele 39A RS AFYskaL,
I tZelle 448 AAE A skaL, o]9F o] zle)atar
2+ & w7} 2tk Doehlert D-1 AL o] A4S 71531

Sth(Ferreira et al., 2007b). <& €W FAjZ oz FA=
AAZE 47K UATkaL Bzt 220741 A 9-olli= Table 99 A

A=

[*]

|tH(Ferreira et al.,

L

R

Table 11. Coded factor levels for the four-factor Doehlert D-1
designs [Ferreira et al. (2007b)]

X, X, X, X,

0 0 0 0

1 0 0 0
0.5 0.866 0 0
0.5 0.289 0.817 0
0.5 0.289 0.204 0.791
-1 0 0 0
-0.5 -0.866 0 0
-0.5 -0.289 -0.817 0
-0.5 -0.289 -0.204 -0.791
0.5 -0.866 0 0
0.5 -0.289 -0.817 0
0.5 -0.289 -0.204 -0.791
-0.5 0.866 0 0

0 0.577 -0.817 0

0 0.577 -0.204 -0.791
-0.5 0.289 0.817 0

0 -0.577 0.817 0

0 0 0.613 -0.791
-0.5 0.289 0.204 0.791

0 -0.577 0.204 0.791

0 0 -0.613 0.791




RIS EEEANS o8 HFARTA 20 ALzt 11

AR HAEU R dedste] FAskaL, 1A 39 Ag-ells
AAE o F7+E wjoli= Table 10914 X7} 0] obd #
Ehy FrHHoR Agste] EAsta(e] o 214 49
A AR AR Tl adE AARE-ol e, A
490 Af-ell= A= VR B F7F Alell= Table 119914
X7F 00] obd ks F7H o R ddste] LA gTh(e]
w2 % 3RIAF AP AR A9A 137 2t E AL

o] 715 3).

Doehlert A|gH o] T o2 - QA 9 71 &
E AR tisl] & 2A] etk Ao th(Ferreira et al.,
2004). 1S £ 2912 Doehlert A& A=} dht
= 5959 Wi, g2 A= 3950| th(Ferreira et al.,
2004). Table 102} Table 11614 & 4= 3= vpe} 7o, <l
27t 3Rt & 73921 Doehlert D-1A4]&H-2 31 HA AA};
= 59, A HA dAl= 3, YA Al BF
7970]th. Doehlerte] Th2 el D-2, D-3 AgH-2
& A (simplex)ZH-H A=, 12te] 0] D-1 AL
WHeol A9} tZtHFerreira et al., 2007b). ©]# gt &
wjZoll 7t QIAtwitt 0] 5 AfrEAl A4 WA
4 Ath(Ferreira et al., 2004). QRS S wF T
= & HEE Ag3)(Ferreira et al., 2004). Yy¥kz <
3]

b

2o ox for

o
THoEA 7 Gyt & QAAbel HiaEiMe e vt
Ao 7 Melsh= Zlo] A5 @ thFerreira et al., 2004).
e AL o AFA Y] T upet At
AFAYH] a8 q=rdo] AL FE AP
T #olgka A o ® t(Ferreira et al., 2007a; Ferreira
et al., 2004). Table 120114 2x}dlo]] that zbzte] A A
go] &8 vwal] EUTE Table 12914 & 4 U= HF
9} ZFo], Az}e] ol FAGLe] DoehlertAl & o] B AlE
W FolA 7P GgFoltt 1Ak 7t 2 Aol B
Behnken A& o] Dochlert AlZHT}IE §&0] ta ¥
o} 22y Box-Behnken 7| go] =gk 2714 ¢] 4

W)
2 2
X

!
kI oo

)
=

=
g 5 Arke AE AT AFLopl Ao} o] 1L,
5 F9 2AAE AFe] WA Fol STt 4),

e 2o, AR F7
%lo] Doehlert A& Htl= &&0°] tfih oo} sz}
2 EAE A ey olyd FHAA B,
Doehlert 783} Box-Behnken 72
< o ®E&F ot Hso| o] Ag

2|

guiEths Had dQw glo] 2

HU2oto L o

A B g8 ot A
o] 7} 3014Q1 Agoll= 3T e adAg el 7

735l 22k RS A837] 95tk

A QA8 =434 718, Box-Behnken 73, Doehlert

S ARSSle A2 HE H4840]7 & it} 9kt

ok & Al=e] 7} 207} ©]

2 RE JAAZF AAA F ARI7E ffiEel”7] wjFe|th

S ZAFeAAE & 73l Ak AA

2 FoJgh AR} folkA] e AAE Ab

o]2 2]9d35}7] 9)3}ed Fractional factorial A &3 2+
2

N
.

Mr O © ki

= < 7k
AtHE FH Yol ujFoll(Bezerra et al., 2008), 2ol
M 2] EZEAH 2Eoko)| Dochlert A8 WS 4 &3le
7kt Slvk. webs o= Box-Behnken”| 2 3%
o] DoehlertZ] 82 ARE-3le] AEZA|ZEZZA S 235}
= £o7 2Fo] giFo] Aehal At HFZ2A S
iokol| Doehlert Al H-S A&gt H 712 €] o] & Table 13
of Adth FEFAHNavalon et al, 2002; Martinez-
Urunuela et al.,, 2004; Bezerra et al., 2006; Cardenes et al.,
2006; Ferreira et al., 2007b; Bezerra et al., 2008), ¥2] &%
(Araujo et al., 2006, Momenbeik et al., 2006; Bezerra et al.,
2008), 71E}F&7d(Ferreira et al., 2003; Ferreira et al., 2004;
Santelli et al, 2006; Bezerra et al., 2008) Z & 3}A]
Doehlert Al & ¥ S ©] &3} th << (Navalon et al., 2002;
Martinez-Urunuela et al., 2004; Ferreira et al, 2007b;

Agel vis) f2l 54
[<)

Moo

Table 12. Comparison of efficiency of full factorial design(FFD), central composite design(CCD), Box-Behnken design(BBD) and

Doehlert design(DM)

Factors(k) Number of Number of experiments(f) Efﬁéiency(p/ﬂ

coefficients (p) FFD cco' BBD DM! FFD ccp' BBD DM!
2 6 9 9 - 7 0.67 0.67 - 0.86
3 10 27 15 13 13 0.37 0.67 0.77 0.77
4 15 81 25 25 21 0.19 0.60 0.60 0.71
5 21 243 43 41 31 0.09 0.49 0.51 0.68
6 28 729 77 61 43 0.04 0.36 0.46 0.65
7 36 2187 143 85 57 0.02 0.25 0.42 0.63
8 45 6561 273 113 73 0.01 0.16 0.40 0.62

T [Ferreira et al.(2007a)]



112

ke

Table 13. Some applications of Doehlert design in food technology

Response variables Optimized Samples Optimized process Objective of study References
parameters
Cd, Cr, Cu, Mn, Ni, Pb irradation time, pH, vegetables extraction optimizing the cloud point Bezerra et al. (2008);
buffer concentration extraction of these metals Bezerra et al. (2006)
chloroanisoles exposure time, temp., wine extraction optimizing the headspace Bezerra et al. (2008);
sample volume/total solid-phase microextraction Martinez-Urunuela et
volume ratio al. (2004)
heterocyclic aromatic absortion time, meat extraction optimizing solid-phase Ferreira et al. (2007b);
amines soaking time, microextraction coupled  Cardenes et al. (2006)
desorption time with HPLC-UV/DAD
oxadiazon extraction temp., wine extraction optimizing the headspace Ferreira et al. (2007b);
headspace volume, solid-phase microextraction Navalon et al. (2002)
addition of NaCl
cholesterol cholestan, milk fat, frozen separation modeling of the relationship Bezerra et al. (2008);
cholesterol diet and egg analyte/internal standard to Araujo et al. (2006)
powder determine choresterol
sugars pH, acetonitrile food separation investigating the derived = Bezerra et al. (2008);
sugars with p-nitroaniline Momenbeik et al.
using microwave irradiation (2006)
in a pre-column
Fe, Zn, Mn irration power, time, food digestion optimizing a procedure for Bezerra et al. (2008);
composition of the food samples digestion Santelli et al. (2006)
oxidant solutions employing a focused
microwave system
Pb pH, buffer natural food preconcentration  optimizing the On-line Ferreira et al. (2004);
concentration, preconcentration system  Ferreira et al. (2003)
elution flow rate,
elution concentration
Bezerra et al., 2008), ©Fa(Bezerra et al, 2006; Bezerra et 523 AFHIxE dAF o7 2T ) 23} A A
al., 2008), 3.7](Cardenes et al., 2006; Ferreira et al., 2007b), S delsl= Zo] vighzlsit), AR o2 HAHAAR
7] EK(Ferreira et al., 2003; Ferreira et al., 2004; Araujo et al., AL 2] 98iME Ftest, 4 R? 53 7+ BEAMEA S
2006; Momenbeik et al., 2006; Santelli et al., 2006; Bezerra ARE-Ele] AL A etslsl= o] viekE sl
et al, 2008)2 ¥ 7155 Z2PHS 48] Doehlert A1 W Doehlert 7€) 2} Box-Behnken 7182 ZA A1 S 1
2 ol g-ater. O E o &goln, Aok o] ANES HeH ¥
o 47k F7hta 9le FAolth tgol o] AYEL 35
A=d of T dHedAgHETE Hlud Jo % glo] EX o &
&7 o]t} Box-Behnkend Al = 2| FiEokoll A o} 7ol 53k

o] FANNE MEHEABANS o] 83l AFAZZZ 27, AAE0] A0 713 BAG B& 1 we
A2g AZsksle Pl tiste] ARSI BeERE  Fol AY Al 4 e A AR I
A& Fed3h7] g kel RESEHEA o] 54 72 831t} Doehlert Al = 7+ AAES] FF(level)©]
olFS AW, WHERARYY FolME - AR HEY] wEol, R AkEo] 74 ARl HellA Ze|aF
He 23 AAAYHEEAA g2, SAFA, Box- ) AHARE] A|S W Agto] JthEA] E& Q1A
Behnken, 3 Doehlert A1 H)E0l thet A 2 384 So= w2t 554 &5 4o & 227t S wol
S HwE = Dochlert 7| 8]o] o} §-&3}T}.

AFAXZBZA LS HHs}sled REEEHEAES 4 FHfole WEEHEAH Y 221 AR AFAYY F
g317] e oA AIA S sy, 2ds 2y o] t}2 A &% (Box-Behnken 7|8 % Doehlen A &)l
e Agee o, A9sE =l A 2 Agueld  us) FARYANEL duHo wol Hgsl gk 1
obe] dlZo] AL WrheE Wast Aok AFAZIZ 21} Box-Behnken A2 2 Doehlert A|8-& F45H4 A%
Azg HAHHT W ARecAE, SALAAN 2 gun FHol B7] W, FFolE Dochlert A %
Plackett-Burman A& 53 7+& AAEHS AFE-slo] Box-Behnken 78S ALE3lo] & EA|Z L2 M| 28 43}
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