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Abstract

This review serves two purposes: first, to promote the use of improved optimization tech-
niques in response surface methodology (RSM); and second, to enhance the optimum
conditions for the fermentation of probiotics. According to research in dairy science,
Lactiplantibacillus plantarum K79 is a candidate probiotic that has beneficial health effects,
such as lowering blood pressure. The optimum conditions for 7. p/antarum K79 to produce
peptides with angiotensin-converting enzyme (ACE) inhibitory activity were proposed,
through modeling each of ACE inhibitory activity and pH as a function of the four factors
that are skim milk concentration (%), incubation temperature (°C), incubation time (hours),
and starter added amount (%). To estimate optimum conditions, the researchers employed
a desirability-based multi-response optimization approach, utilizing third-order models
with a nonsignificant lack of fit. The estimated optimum fermentation conditions for Z.
plantarum K79 were as follows: a skim milk concentration of 10.76%, an incubation
temperature of 36.9°C, an incubation time of 23.76 hours, and a starter added amount of
0.098%. Under these conditions, the predicted ACE inhibitory activity was 91.047%, and the
predicted pH was 4.6. These predicted values achieved the objectives of the multi-response
optimization in this study.

Keywords

response surface methodology, lack of fit, third-order model, desirability, multi-response
optimization
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HES-HH H'HE(response surface methodology, RSM)2 A1$19] 4 o]
—u—zr 39| HAE At FAA 7THEY HA1]eR, YaAlEs-8AesE Eoohe Adast

HopollA de] -8x]o] gt RSMeA ] 4Rl AdAA = 4 T4 AAl(central composite
design[2])o]11, HjEAQ] BEAREFL 2% thg} B¥(second-order polynomial model)o|ct.

AR A ﬁ:rL BolME & oY =S /\]Oﬂ F|Hglek= Wﬂ'o AP}t QE = AS

b mod| 7R3t 3k AakslA] ke (A2 Asly] SJsAL BreSo] tis) Hakst B s

AASk= Aol BRs. tRkg HAME 913t 2 P3le 7 whSof Hhigt E"éo] AH B304 A=
7125 914 ol 71 (1), (2), B UFAPIAL M2 7I1% (D& BF 35414 o, 2
o m@gsleta o 4= Qlrk

(1) 2ol 5% =04 FIHEF p=0.05).
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(2) A Aol(lack of fi7t 5% F=ollA FoHA] LAWNAR 2o p>0.05) A A7t /<9
steete, A do] BAF] Bl £504F WAl F(pure error mean square)®] T 2
7390, A3t Ao $9449] H9lo] T AY FANA Y HRSAEQ] ZEEo] o} =gt @Ato]
oA, A3} ZAofo] Folido] EAP7L HA ekal4l.

(3) &3 AL 0.8 ol (adjusted r*=0.8)[1].

(4) 7+ A 27004 o9 ¥kgEo] AREE wolls, 7t BR3) sl 5Yg 22 ARSRHAI

Lactiplantibacillus plantarum K79 #5+= Z2HO|QEAR &8 7]5/00] w2 fANIOE
o] ALollA] ACE Adi@Ao] 9= Aog BuE|QlrHe]. o] ALollA] Park et al.l6]
2EFE] 713 v B HiRAITES SE5HSE Slo] ACE RIS stz 27 aiekx
& At Park et al.[6}2 24} tfd} B3PS o]gato] Hik HHSIE stgiet, Hhgo] &
7lolota] thikg- A 3K multi-response optimization)7F AA=QIth F 719 Ble-5 & A WA
Hh§o] Al FHL whgE ERX|(target) E= 1 oMo Hdiskoh= ARRSAIZF
targeto] =GOt WEAHR|, JEG t 39, 245 o £)0I3lth o] A%

flo
éﬂ E

ukS ol A HH5} A UEE = (HH5} 2] / (2K} ZEA]

2 RES Hdsh Al HA3} A& SRS AT u, A WA whge] [hS Host A K5}
AEA] T = 96.3%% 100%0l= HIXA] Zoiiet. F WA vhg-9] A3} f&2|= 435t &
H2|9F AR 3t

£ AFoAE Park et al.2] AFH6INA Fojd A tlojelE Egolo] Hrt fAE 23 oy
23} HhES AASkL 11 Hhgo] wet 2709] HhSE 22t dis BPelE AR R, 1 RSt
AIEE ol8sto 2719 whSEC] gt thiks X A3HE AAolgltt. o thEks: X A3slofAe] E4
S Park et al.9] AFH6INAS] EAT FSUsH Pt A HA ¥h3] WhS s} A] K25}
&4 L= 101.2%2 100%S S3l3ic). & WA 8k3-9] A3} &A= 225t S3 A9}
YA Gt BZ, 223} dlEA]9}t 1 dEAE AREshs 9R14FE 2 Zopd Fojls, 1 89eE
Z3ollA19] ER1AHFo] dgsirt.

=

[

rHT

1. M 4 ooy

Park et al[6]= A& 22| o} A5 HFof| AR 4= Al Hrf Qbdsial §4lzo
A-S, L. plantarum K79E ©183F ACE AAIAY] 2/d=7 pHE, SHSREHYS Boto], I
skl HAslek= AE AASHIHE 7 dAolAs 11 ATH6IAY HolEE Bk i vks-
HHog BAslo] ALY nygsiel it HASNE AAStAr §ttt. L plantarum K799 2)8)
HaE= 979, ACE 9AIAQ] /=3t pHE &stol= 232 27] 998t Park et al.[6]2] S+
oMol A AAY FESHE 895X, X, X3, X9 I 25, 193 AA| 8UE(F, By, B,
F9¥} 11 $3E0] Table 19 AXE] Qck

o] AgoA 9] HA| QA2 2= 1%7F 71 skim milk =(F), BIG2E(F,), HFAIZE
(F3), starter 7FHF)OIL, 570 o]FolA = 7 QT2 -2, -1, 0, 1, 28 FToESih o]
A AA= Box & Wilson?] $4 4 HA2IZ, Table 10 F014 Qlrh

o] A¥of|A 9] REHSES ACE AAE(Y )T pH(Y2)E, Table 19 3014 Qlet. o] ACE A
&2 AEY 7} runolA Q] EaAHoA 1008 3JAste] LR FroltHol.
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Table 1. Experimental design in coded and actual factors and responses

Run Design point X1 Xz X3 X4 F1 Fz F3 F4 Y1 Yz
1 1 -1 -1 -1 -1 8 34.5 12 0.065 64.5 5.94
2 1 -1 -1 -1 12 34.5 12 0.065 78.1 5.93
3 3 -1 1 -1 -1 8 39.5 12 0.065 73.5 5.4
4 4 1 1 -1 -1 12 39.5 12 0.065 83.4 5.46
5 5 -1 -1 1 -1 8 34.5 20 0.065 80.1 4.85
6 6 1 -1 1 -1 12 34.5 20 0.065 86.5 5.07
7 7 -1 1 1 -1 8 39.5 20 0.065 75.2 4.73
8 8 1 1 1 -1 12 39.5 20 0.065 87.7 4.86
9 9 -1 -1 -1 1 8 34.5 12 0.155 721 5.67
10 10 1 -1 -1 1 12 34.5 12 0.155 77.3 5.81
1 1 -1 1 -1 1 8 39.5 12 0.155 68.5 5.25
12 12 1 1 -1 1 12 39.5 12 0.155 81.5 5.41
13 13 -1 -1 1 1 8 34.5 20 0.155 79.6 448
14 14 1 -1 1 1 12 34.5 20 0.155 89.4 4.63
15 15 -1 1 1 1 8 39.5 20 0.155 79.1 4.71
16 16 1 1 1 1 12 39.5 20 0.155 85.6 4.86
17 17 -2 0 0 0 6 37 16 0.11 78.4 4.84
18 18 2 0 0 0 14 37 16 0.11 82.9 5.08
19 19 0 -2 0 0 10 32 16 0.11 86.1 443
20 20 0 2 0 0 10 42 16 0.11 73.6 5.04
21 21 0 0 -2 0 10 37 8 0.11 39.7 6.39
22 22 0 0 2 0 10 37 24 0.11 89.5 4.4
23 23 0 0 0 -2 10 37 16 0.02 85.2 5.05
24 24 0 0 0 2 10 37 16 0.2 87.4 497
25 25 0 0 0 0 10 37 16 0.11 84.1 5.15
26 25 0 0 0 0 10 37 16 0.11 85.6 5.14
27 25 0 0 0 0 10 37 16 0.11 87.3 5.15

Actual factors: F4, skim milk concentration (%
time (hours); Fs, starter added amount (%).
Responses: Y1, angiotensin converting enzyme (ACE) inhibitory activity (%); Y2, pH.

=)

, 1.0% glucose was added to each skim milk conc.; F,, incubation temperature (C); Fs, incubation

2. Z} U39 st

tlojEl= SAS AL Egojo] oo E4= It Bhg2] BHPSIE oAl SAS/STATI80] AREE
A, TS 25l HallAlE SAS data-step T2l olgE|gloH, 3D EHE IS ¢
34+ SAS/GRAPHI9I7} AR&-E|Qict.

1) ACE(angiotensin converting enzyme) HHIE(Y,)0l CHSt 2Xt 20| oJ§t 2&s}
2910] 47jo1B 2 1215} 47Y, WA 671, AIFT 4712 o|FojAl= 23 HES HA ACE Al

(Yy) Hlolefol] 23AA £}, o] 22} mgof| tigt EAREA A3} Table 20 F01A itk
Table 2% Yol tigt o] 22} o] dfste] tha-S L5l Sick

(1) 2go] 5% F=oIM FHEEY p=0.0240<0.05): 7|& 5=
Q) H3t Aol 5% F2olA RATHET Ao] p=0.0442<0.05): 71& UlE=

(3) 5% 2%A57F 0.8 Wt (adjusted r=0.5471<0.8): 7% HIEZ

Yol wigh o] 27 2E2 71 (2), 3)2 SFA7IA] XIIE=, A9t Byo] ofd Aoz w7
ok
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Table 2. Analysis of variance for the second-order model on Y;

Sum of Mean

Source DF F-value Pr>F-value
squares square
Model 14 2,152.7838 153.7703 3.24 0.0240
Error 12 568.9725 47.4144
Lack of fit 10 563.8458 56.3846 22 0.0442
Pure error 2 5.1267 2.5633
Corrected total 26 2,721.7563

Root MSE=6.8858, Dependent mean=79.3296, r’=0.7910, Adj r’=0.5471
Model terms: X1, Xa, Xs, X Xi2, X X&& Xe% XiXo, XiXs, XiXa, XoXs, XoXs, XaXe.

2) pH(Y2)Oll ChEt 2k} 2| 25t 2Es}

89o] 4Ao|BZ 137} 470, WA} 67, AET 471= olFoiAls 24 B3e WA pH(Y)
gojgol AgtAA £t o] 22} EFo] tigt F4kEA 237} Table 300 014 it

Table 32 Y7o tigt o] 24+ HFof| st thas E=FL it

o

(1) 23o] 5% oA FAHEFY p=0.0004<0.05): 7% F=

(2) 23 A7} 5% oA FERHAR 2o p=0.0006<0.05): 71 PISEo8 HoAt, o
A= A5t Aol SAF9 Bl 5494 FdAE(pure error mean square)°] 0.00003°.%
- 2ol A}t Aof Fo14d9] Hlo] Y AF 2of|A9 vEgAES] #hE0] ofF vt FA
(Run 25, 26, 279114 Y,=5.15, 5.14, 5.15)22, Z3F 29| fo4o] A7} A &3, mEhA|,
7NE 5

() 44 2FAS7E 0.8 wvHd(adjusted 1=0.7952<0.8): 7|& H|EE

Yool ot o] 27 HRL2 71% (3)2 SXAI7IA SRR, ARt Bego] ofd Aoz wiH:

Y1k Yool Hiek 22 PS50l B ARt Y] ofd Ao wyHgeRe b BAR, 23t
3o AAFTES F71E 32k B3[1012 Y1t Y, dolelol thsf HFAIFIch

3) ACE(angiotensin converting enzyme) 2MIE(Y,)0 CHet 3Xt 2&0l| 25t DS}
89lo] 47fojug 12} 470, WA 670, AT 470, AAET 4712 o|FolXE 37} 1S
ACE SAIR(Y:) Holele] AAA £ok. o] 3% 5] tat 244 3 Table 4] Fo14
ek
Table 4= Yo thgt o] 3% 2ol st tha-S L3 Qlck

Table 3. Analysis of variance for the second-order model on Y;

Sum of Mean

Source DF F-value Pr>F-value
squares square
Model 14 5.70276 0.40734 8.21 0.0004
Error 12 0.59540 0.04962
Lack of fit 10 0.59533 0.05953 1,786.00 0.0006
Pure error 2 0.00007 0.00003
Corrected total 26 6.29816

Root MSE=0.22275, Dependent mean=5.13704, r’=0.9055, Adj r’=0.7952

Model terms: Xi, Xo, Xs, Xa; Xi&, X2, X X% XiXo, XiXs, XiXe, XoXs, XoXa, XaXa.
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(1) 230l 5% oA FATHEHQ] p=0.0001 "]TH<0.05): 7% T
() A% 297t 5% Fol| A F9JokA] FH(EY Eo p=0.2788>0.05): 7I& F=.
(3) 4 AAA57} 0.8 olA(adjusted r?=0.9407>0.8): 7|& &=,

Yo tigt o] 32k BEL, 7]F (1)-3)2 FZA71 = 0.98182 vi$- t=0tA], Hgiet B9l
Aog WA= o] B9 AL X E(coefficient estimates; bg, b, -, bug) T T A
2 Table 59| F0iA4 it

4) pH(Y2)01| Y5t 3%t 280y ofst &5}
Qlo] 47jo1B & 113} 470, TG} 67, AIET 47, AAIET} 472 o]2ojR|: 33} BPS

Table 4. Analysis of variance for a third-order model on Y;

Source DF Sum of Mean F-value Pr>F-value
squares square
Model 18 2,672.0946 148.4497 23.91 <0.0001
Error 8 49.6617 6.2077
Lack of fit 6 445350 74225 2.90 0.2788
Pure error 2 5.1267 2.5633
Corrected total 26 2,721.7563

Root MSE=2.49153, Dependent mean=79.32963, r*=0.9818, Adj r>=0.9407

Model terms: Xi, Xz, Xs, X Xi&, X2, X Xe% XiXo, XiXa, XiXe, XoXs, XoXa, XaXa
X% X% X®, X

Table 5. Coefficient estimates and related statistics in the third-order model on Y,

Coefficient estimate

Model term SE t-value p-value
(bo, b1, -, b444)
Intercept 85.66667 1.43848 59.55 <0.0001
X 6.03333 0.88089 6.85 0.0001
X2 1.61667 0.88089 1.84 0.1038
X3 1.20833 0.88089 1.37 0.2074
X4 0.15833 0.88089 0.18 0.8618
X+ -1.08229 0.53943 -2.01 0.0797
X2 -1.28229 0.53943 -2.38 0.0447
Xs -5.09479 0.53943 -9.44 <0.0001
Xé 0.33021 0.53943 0.61 0.5574
XiXa 0.43125 0.62288 0.69 0.5083
X1X3 -0.40625 0.62288 —0.65 0.5326
XiXq -0.49375 0.62288 -0.79 0.4508
XiX3 -1.43125 0.62288 -2.30 0.0506
XoX4 -0.89375 0.62288 -1.43 0.1892
XaXa 0.26875 0.62288 0.43 0.6775
X -1.22708 0.35962 -3.41 0.0092
X -1.18542 0.35962 -3.30 0.0109
X3 2.81042 0.35962 7.81 <0.0001
X$ 0.09792 0.35962 0.27 0.7923

Predicted Y; = by + by Xq + by Xo + by X3 + by X3 + bs X4 + byy )(12 + by Xzz + bss X32 + by )(42
+ bia Xi Xo + by Xi Xs + bia Xi X + bog Xo X5 + bog Xo Xa + byg X5 Xa + byyy Xi® #+ by X5* +
bass Xs*+bass X,

https://www.ejmsb.org J Dairy Sci Biotechnol Vol. 41, No. 2 | 49
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ACE 9A1£(Y)) Hlofejo] A8AIA 2e. o] 33 mo] that EAHLA 277} Table 6o 014
oI,
Table 62 Y0 tat o] 3% o] dhelo] theg YeiFw ek

(1) Z230] 5% F=olM FoAHEF2] p=0.0003<0.05): 71& =

(2) A% A7}t 5% 2olA FIFHEY Ao p=0.0011<0.05): 7] HIFEOE Ho|4t, o]
A= A5t Aol BAFY EHOl 494 FHdAF(pure error mean square)°] 0.00003°.&
- 2o}, A}t Aof Fo14d9] HRlo] Y AF 7oA vRSAES] FhEol ofF HIgtt @4
(Run 25, 26, 27014 Y;=5.15, 5.14, 5.15)2&, A3t A9 Fo)io] A} HA] P& wehA,
7NE 5.

(3) 4 2AAS7E 0.8 oV %(adjusted r*=0.9077>0.8): 7I& F%.

Yooll thet o] 33+ B3, 712 ()-3)& FFA7IT r'E 0.971602 AF5] &oba], Aget
29l Aoz wgHrt. o] BY9] A4 X E(coefficient estimates; co, c1, *+, cisg) T HA
EAAES Table 70| F0i# it

3. HEEY e 7180 2fst CHItS X3}

Park et al.[6]9] ¥FolA= Y 9 3} target 2 9022 3F(Y,9] Frol 900 =Hshd
AL, 90K T I, 245 H £9) 29 EXA target 3= 4.6°2 ok= thikg X4
7t 23 mgo] ZASt] AAE U=, L HA3} Zohd 8Q14E £3tolA Y] Y19 &A=
86.6916°0=, Whg Xt} A HA3} & T = 86.69/90=96.3% %L, Y9 &A= 4.6
S5 EXA target #I LA

19| Ao A= Park et al.[619] AolAet 2 F29] tRkg X 23p7} 37} Kol LAs}
of AAIE|9=t, I Z3= Table 89 Yeht Qltt. o] thkg HA3k= vFaY(desirability) &
2 719[11]0] J3f A==, o] 7THe, AF FIE7IME X + X7 + X + X = (1)
+ (2D + (£ + (21 = 491 99 Ho] BE 7R3 QU5 XPEOIM, 2 kg9 BgoR
HE9] qEA]0]| /i v (individual desirability) a2 ¥HE-gto] TEATEFE 100 7144
HEEOR TEAR A A Bl glo] 10] ), 121 vhEgto] ENEARESE 00 7
A HEECRE ENEASH AE v gho] 00] H) AYsta, A uiEd(overall
desirability) g 78 v 2E9] 71olEdo = goyste], HA| viEAA 32 skl
QR4 23S 2H= oot o]& 5t grid A ©Ao] o]- &= UTHT]. Table 80419 2435}
IS Uehfle 252 SAS data-step TR0l SJsf) Al4=] et AA| viERAg Fhol 7H

Table 6. Analysis of variance for a third-order model on Y,

Source DF Sum of Mean F-value Pr>F-value
squares square
Model 18 6.11921 0.33996 15.20 0.0003
Error 8 0.17895 0.02237
Lack of fit 6 0.17888 0.02981 894.42 0.0011
Pure error 2 0.00007 0.00003
Corrected total 26 6.29816

Root MSE=0.14956, Dependent mean=5.13704, r’=0.9716, Adj r’=0.9077

Model terms: Xi, Xa, X, Xa; Xi%, Xo2, Xo&, Xe% XiXo, XiXa, XiXe, XoXa, XoXa, XsXa
X%, X% Xab, X
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Table 7. Coefficient estimates and related statistics in the third-order model on Y,

Coefficient estimate

Model term SE t-value p-value
(CO, [T C444)

Intercept 5.14667 0.08635 59.6 <0.0001
X 0.06333 0.05288 1.20 0.2653
X2 -0.19250 0.05288 -3.64 0.0066
X3 -0.39083 0.05288 -7.39 <0.0001
X4 -0.11167 0.05288 -2.11 0.0677
X+ -0.01896 0.03238 -0.59 0.5744
X2 -0.07521 0.03238 -2.32 0.0487
X4 0.08979 0.03238 277 0.0242
Xé -0.00646 0.03238 -0.20 0.8469
XXz 0.00000 0.03739 0.00 1.0000
XiXs 0.01875 0.03739 0.50 0.6296
XiX4 0.01250 0.03739 0.33 0.7467
XiX3 0.12250 0.03739 3.28 0.0113
XoX4 0.06125 0.03739 1.64 0.1400
XXy -0.01500 0.03739 -0.40 0.6988
X -0.00083 0.02159 -0.04 0.9702
X 0.08625 0.02159 4.00 0.0040
X -0.02667 0.02159 -1.24 0.2518
X 0.02292 0.02159 1.06 0.3194

Predicted Yo = co + ¢4 Xy + Gy Xo + C3 X3 + C3 X3 + Cs X4 + Cyy X12 + Cp X22 + C33 X32 + Cy )(42
3 3
+ 02 Xy Xg + Ci3 Xy Xz + Cra Xq Xg + Co3 Xo X3 + Coq Xo Xy + Cag Xg Xy + Ca1 Xi° + Cozp X +
3 3
Caz X3* + Caas X4'.

& e 7P 2 62 196, Table 8lA19] A3} Aol 4] A vFalAd gk 10130tk

Table 80 LR Qli= vl o], 9-219] &3} Zobdl 24 83143 X3olA9] Y9 9%
A= 91.0468%, Wk Htha} A] HA3} AEA] YT = 91.0468/90=101.2%%2L, Y,2] AfISA]
£ 4.6°2 B3] target w3 GASHA &, V13t Y29 HHsE ExEC], 24 BP0 LA
kg HA3jol|Al= d&A] Foi BF SRS Xt 32 Bl AT thikg 43t
MM &2 o= BE G AoE AXEGY, I FAHY WEoR, 3% By LA
FHA3oA9] Y, dIEA]9] TEE(101.2%)7F 22F 2ol AT HASloA9] Y, d&A]9] TEE
(96.3%) Bt} tf <3t Zog et B2, A3} &9t 1 dEA|E Ak 8914F
23 Fopd o, I 8Q0eE FeloA9] E1AF ] Wasitt

4. 3xfp BEHTO ofst MA| HEE=EY gol AlZtEt
TSR 29l 2704 &g o] Zt 7h2S0] vijX|stal HA| BiEAd aEAE AlZSe] vijx|gt
HHZ(3-dimensional surface plots) 67§15 SAS/GRAPHZ Z}AJsto] Z1Z} Figs. 1-69]
ottt o] IPEL A9 JACEZINE X7 + X+ X3P+ X = (1) + (21 + (21 +

w
F{é
(e

§

Table 8. Multi-response optimization results

Fi= Fo= Fa= Fa= Predicted Y4 Predicted Y,
X1 Xo X3 X4 Skim milk Incubation Incubation Starter added (=ACE inhibitory (=pH)
conc. (%) temp. (C) time (h) amount (%) activity [%])
0.38 -0.04 1.94 -0.26 10.76 36.9 23.76 0.0983 91.0468 4.6000

ACE, angiotensin converting enzyme.

https://www.ejmsb.org J Dairy Sci Biotechnol Vol. 41, No. 2 | 51



Sungsue Rheem

52 | J Dairy Sci Biotechnol Vol. 41, No. 2

D

1.000 1

0.919

0.838

/'0.410

0137

0.757 - X2

0.410

0.187 —
T

1 -0.137

Zoaqg T0410

Fig. 1. Three-dimensional surface plot of overall desirability for the effects of X; and X..

D
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0.33
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Fig. 2. Three-dimensional surface plot of overall desirability for the effects of X; and Xs.

(£1)* = 421 99 WellAl 223, 20l BAIER] QR X M50 gk Table 891419 grolth.
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