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Optimization of Skim Milk Fermentation Conditions by
Response Surface Methodology to Improve ACE Inhibitory
Activity Using Lactiplantibacillus plantarum K79

Yu-Kyoung Park, Sang-Pil Hong, and Sang-Dong Lim"

Korea Food Research Institute, Wanju, Korea

Abstract

This study was conducted using response surface methodology (RSM) to elucidate fermenta-
tion conditions that will optimize ACE inhibitory activity using Lactiplantibacillus plantarum
K79. Four independent variables [skim milk (with 1% added glucose) concentration (6%-
14%), incubation temperature (32C-42C), incubation time (8-24 h), and amount of added
starter (0.02%0.2%)] were evaluated using five-level central composite design and response
surface methodology to determine the optimum fermentation condition. The dependent
variables were angiotensin converting enzyme (ACE) inhibitory activity (the value obtained
from 107 diluted supernatant), and pH. The respective coefficients of determinations (&)
were 0.791 and 0.905 for ACE inhibitory activity and pH. The maximum ACE inhibitory
activity was 90% under the following conditions: 10% skim milk (with 1% added glucose)
concentration, 37C incubation temperature, 17.8 h incubation time, and 0.2% added
starter. Based on the RSM, using predicted best ACE conditions for fermentation of 13.49%
skim milk (with 1% added glucose) with 0.0578% starter at 33.4C for 21.5 h, the predicted
ACE inhibitory activity and pH values were 86.69% and 4.6, respectively. Actual ACE
inhibitory activity and pH values were 85.5% and 4.58, respectively.

Keywords

Lactiplantibacillus plantarum, angiotensin converting enzyme (ACE) inhibitory activity, blood
pressure, response surface methodology (RSM), optimum fermentation condition

M E
TEe wg 4 5 B 5 A 2% 9 HE50 99 a4 5 shina, 59 ALeAR

AR Captoprll enalaprﬂ F= ramlprlli} ZH2 S OFE-2 ACE-I1 &4 A 7Moo g Sl=
AT de A 50 ARgEH. B0 1¥ “’ﬂ F2 915l ol2fet eFe2 ARSI 713, w R T
A, HAAS, TE 2 @715 22 AZE F2Rgo] 'S 4= QItH{1]. o2 Qls) A= A
o Ao ot} A& Hfof ARgRE 4 91— Hr} Qbdstar gAlF ol A3t tE ACE(angio-
tensin converting enzyme) HAAE AHA HATH2I.

g AR ACE AAAl e ASHHE, A4}, tiF 2 97 5 A5d0A E= ik Barsar
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AUTH3,41.

Lactobacillus delbrueckii, Lactobacillus helveticus, Lactobacillus bulgaricus, Strepto-
coccus salivarius®} Streptococcus thermophilusz ’JAFE TAFAEL 18U AL 4
U= B Hepol=rt Wol skl ITH5,6].

S 48 oA FAER= B tAA F HEte|E= TRt Ao A& a3 &
E He=1 Qit}. o] HEe|Ex 2-20719] opv]ieAto & tokshH 1 5 U= thrlsolH st
o9 7158 B WS &= JrH7-9]. ACE= Fd SR QEIAl H2o] oo U 2-dk=
bl 583 Aelehd 9 H10l. ACE-T HEtol== ACES] 242 A8k tA =4l Io]
A EpEAIQ A eEA 12 A9E s 2E YA 9-F~= ACE-T HERI=9] 2 3+
Yol HF Fof duldo] 71=RafiE]o] BAETH11]. ACE-T HElo|=9] 34 9 &40 JFE
nA= REE ARE S5 2 7IECHIS 2 13 99E), 482 5 Hsith. £5] A
Z5oll wet ACE-1 E4do] Aozt @2, Chen 51212 A HEFAIZNA 38749 Lb. helve-
ticus 75 V2oL, YREFOIA 50% oldol ACE-1 &4 BEor, Bads 5 37 4=
(IMAUS0851, IMAUB0852, IMAU80872)7} B 2 &/ HAaL 3F{tt Ramachandran¥t
Shahl[13]+ Bifidobacterium longum®=E WAH -5 Lactobacillus acidophilus 2 Lacto-
bacillus casei®t 22 tHE So= URHE 97} Hn S 1 ¢ =2 ACE-] 842 Elth
519.oH, Gonzalez-Gonzalez {1412 Bifidobacterium bifidum MF20/5% ¥ad 9-9+=
Lactobacillus helveticus DSM 131372 2£3¥eF THE LABO|| B[] o] &2 ACE-1 &< it

= SR sl e) Aol ufe gebe, 1 ool di ACE-T et
ol=g TS BaAe] FUSIF T Hojz Qo) o] FAHCHIS)
o

& Srjotely] glslo] MSEALANS Bof WAEAL SHshust shek

Mz H &E

1. SAX=

ACE AAEHE 71 V= L. plantarum K79 455 AA)A E=3Uct EoE MR
brotholl @5+ 1% A&t 37T, 18AIKE B ikt &, 1,500x gollAl 1587t Yilee]oto]
cell paste FEIZ S5ttt SEAERIARA EF,E H716Mo] 10% skim milkEs Az &
110T, 587 23] 71 dEasto] ARSIt 343 cell paste 15 goll Ed 10% skim milk
50 mLZ 7t} & 43, -70T deep freezero 3AI7F 54 & FAAZT|)A 24A17F B9
52 AFAA powder FEIR A5} ojufe] AZRH starterol] S010E A 3.5%x10°
CFU/gel9it.

w

2. ACE(angiotensin converting enzyme) M| &4 =X

ACE 9AIZA 42 ACE JARAZIE(ACE kit-WST, A502, Dojindo, Kumamoto, Japan)
£ ARgsto] =8eteirt16]. 89k, DO, D4, ¥ D89 Helol|E 553 20 g/l 5E& 57
o] BT AEQ0 pE 718 SFHQ20 p1) E B A5 GHQ20 pl) E3kst3itt 37C
oA 60% B uiFst &, AJAIek &Y BH(200 pL)S H7Folal ALolA 102 BF #iFoA L,
Captopril& A% U] %A tizoz A=tk ZF A9 F8%: 450 nmollA Multi
Microplate Reader(SpectraMax, Molecular Devices, San Jose, CA, USAYE AM&3}o] 245}
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L, ACE SAIRCAS The WIS ALg3lo] Talict

Abl(mkl - Asample

A& = <100

Ablankl - AblankZ

Ab/zuz/fl: blank‘g] 'gjg-E
Abpanta: B AAEH
As;zmp/e ] '_‘ Obg]:ﬁ :1I.L ‘g‘%]-E

3. HISHHEMH(RSM, response surface methodology)S 0|25t HIZZEZ19| |3}

AL Bz E HA5}elr] floto] SHHRX)E skim milk SE(X), HIFZE(Xy), Hl
FAIZHXs), starter 7FHX)S Aokl SHAR F53tolo] 277 7k & AA et sz
AAIsIT FEHM(Y)Z= ACE JAR(Y), pH(Y2)S A7kt 414 2l= MINITAB sta-
tistical software(Version 13, Minitab, State College, PA, USA)S AR&5Itt.

2) WQIZZO| HHEIS Y3t VISHOEY

Hjekz 9] HA3HE 9t SREHEHATHS S IAIE[17]S FE5ith SHHESEE o]
A3} IR e 1% 271 sk1 milk SEX), MYLEX,), HIFAIRKXs), starter
TFH XD ’é@ ‘:} SHHSY S Hele A S e g AAElen, -2, -1, 0,
1, 29] 57HA] 202 F58ks{al(Table 1), olof W& AFE72 Table 29t 2t} &SR
£ ACE 9A| 'E(Yl) pH(Y2)& A7st9itt. ol ACE dAlE-2 24 aYdolA 1008 3]4s}
of Yerd groltt. BAIEA A vl o vk XS okl vRHH 18 X(response
surface plots)= Maple software(Version 7, Maplesoft, Waterloo, ON, Canada)& ©|-&35}

3K ekl

=

3) EAEN

£ Gk BiSEs OSdEAT BAREAS 95l9lal, o]2EH AL ojx3| A4S Eoto]
vkg o] kgL AZsiglon, EAEALS MINITAB £ AZEQ|o|(Version 13, Minitab,
State College, PA, USA)E ©]85}%1, th o} thahy] wPgAlE Foto] S35}t

Table 1. Independent values, their coded and actual values for optimization condition of fermented
milk by Lactiplantibacillus plantarum K79

. Level
Independent variable Symbol > » 0 1 2
Skim milk conc. (%) X4 6 8 10 12 14
Incubation temp. (T) X2 32 34.5 37 395 42
Incubation time (h) X3 8 12 16 20 24
Starter added amount (%) X4 0.02 0.065 0.11 0.155 0.2

1.0% glucose was added to each skim milk conc.
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Table 2. Central composite design and responses of dependent variables for fermented milk by
Lactiplantibacillus plantarum K79 to independent variables

Run 1o Coded levels of variables Response

X X2 X3 X4 Y Y,
1 -1 -1 -1 -1 64.5 5.94
2 1 -1 -1 -1 78.1 5.93
3 -1 1 -1 -1 73.5 5.40
4 1 1 -1 -1 83.4 5.46
5 -1 -1 1 -1 80.1 4.85
6 1 -1 1 -1 86.5 5.07
7 -1 1 1 -1 75.2 473
8 1 1 1 -1 87.7 4.86
9 -1 -1 -1 1 72.1 5.67
10 1 -1 -1 1 773 5.81
1" -1 1 -1 1 68.5 5.25
12 1 1 -1 1 81.5 5.41
13 -1 -1 1 1 79.6 448
14 1 -1 1 1 89.4 463
15 -1 1 1 1 79.1 4.71
16 1 1 1 1 85.6 4.86
17 -2 0 0 0 78.4 4.84
18 2 0 0 0 82.9 5.08
19 0 -2 0 0 86.1 443
20 0 2 0 0 73.6 5.04
21 0 0 -2 0 39.7 6.39
22 0 0 2 0 89.5 4.40
23 0 0 0 -2 85.2 5.05
24 0 0 0 2 87.4 497
25 0 0 0 0 84.1 5.15
26 0 0 0 0 85.6 5.14
27 0 0 0 0 87.3 5.15

X1, skim milk conc. (%); Xp, temperature (T); Xs, incubation time (h); X,, starter conc. (%); Y, ACE
inhibitory activity (%); Y, pH; ACE, angiotensin converting enzyme.

4 4 3 4
Y=PBo+ Y B.X + 28,5+ Y B,XX,
i=1 i=1

i=lj=i+1

= SYUSNACE OB, pH), 4 A% i it A SATA% Xi X Sguso
Szolt. 5 7jo] FAAY, D Y)B FAIO) WS & 9 2AL 2] 999 O S 245
£ 593190 S5 BY BEE Maple AZEol(Maple 7, Maplesoft)E AH&31e] Aelgie.
o £ 7jo] S5 W4E o) gow A £ Jle) 59 weo] g8 Uehiod

1. Z=LE DOl TITh AL

MINITAB A AZEQJo]E ARESIo] 22} the4] Wg4lS A dlofgof 3911, AY(X;,
Xa, X, Xy), BAE(X11, Xoo, X33, Xa) D AASZEK12, Xi3, Xig, X3, Xog, X309 BE Alee
AR F28E ol ALk v Al Hsto] 4712 SHHFES] X300 of
St $4WR0] BhE ZHE Table 30 YeFRIch 11 23 Y12 X Xa7F SAfo|A fol4=
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Table 3. Estimated effects and coefficients for ACE inhibitory activity and pH (coded units) about
fermented milk by Lactiplantibacillus plantarum K79

Variable and Y, Y,

interaction Coefficient p-value Coefficient p-value
Intercept 85.6667 0.000 5.14667 0.000
Xi 3.5792 0.026 0.06167 0.200

Xo —0.7542 0.601 -0.02000 0.668

X3 6.8292 0.000 -0.44417 0.000

X4 0.3542 0.805 -0.06583 0.173
XiX4 -1.0823 0.482 -0.01896 0.701
XoXa -1.2823 0.407 -0.07521 0.145
XsX3 -5.0948 0.005 0.08979 0.087
XXy 0.3302 0.828 -0.00646 0.896
XiXy 04313 0.806 0.00000 1.000
XiX3 -0.4062 0.817 0.01875 0.742
XiXq -0.4937 0.779 0.01250 0.826
XoX3 -1.4313 0.422 0.12250 0.048
XoX4 -0.8938 0.613 0.06125 0.293
XsX4 0.2687 0.879 -0.01500 0.792

o

X1, skim milk conc. (%); Xo, temperature (C); Xs, incubation time (h); X, starter conc. (%); Y1, ACE
inhibitory activity (%); Y2, pH; ACE, angiotensin converting enzyme.

(p-value) 0.05ETH A Ul BAZCE Fo)dS Ue]l o F&1so] thet Jako] & A2
2 Uehd 9 IR XXE AlQlokal BAIRCE fo4o] gl AR BT Yo Xshlo]
YAoNA FE(p-value)o] 0.05ETH RA Ut BAHCE Foldo] Ueptal, F&10|
gt JFo] E AR YeRton, WA XpXsTo] BAKOR Folido] Q= Ao UEIT
A7)0 Dojzl AIE vigho 2 151 9hS-A12 Table 49} 2ot AY 23} Ao datag Minitab
softwareE ol-&5tc] BREHEHEAR ATE vl o= A9tt 23} thghAle] ndE oi9int. 272t
o] EWSLo|| gk 2219 AL ol melAy} Zron F&aol Vi Y,9] AAARR)E 4zt
0.7913 0.9052 UEPtoH, & 4¢ % p-value=0.000°22 UEIT

2. 24 BM(analysis of variance)
olz} taha] el HPYAI0] BAA Fo1/d2 EAL EA(ANOVA)E S=335to] H7Istqitt. Table
= F F&Ha Y(ACE inhibitory activity(%))¥ Y.(pH)Y ®#H8-& Md¥sk= Zdo dfgh
ANOVA Z3HE Yepfiglct, S84 Y19l4] Linears f2<20] 0.003°224 w- F-ol/do] &=
Al et Regression¥} Square= Z+ZF 0.0249F 0.043°02 §-2)4o] QIQict. HWhd, 2-way

ol of,

Table 4. Response surface model for making condition

Responses Quadratic polynomial model R p-value
Y1=85.6667+3.5792X1—0.7542X,+6.8292X5+0.3542X4+0.4313X1Xo~
Yi 0.4062X1X5~0.4937X1X4—1.4313X,X5-0.8938X,X4+0.2687 X3 X4~ 0.791  0.000

1.0823X12-1.2823X,2-5.0948X52+0.3302X,>

Y7=5.14667+0.06167X:-0.02000X,-0.44417X3-0.06583X,+0.0000X: X2+
Y2 0.01875X1X3+0.01250X1X4+0.12250X2X5+0.06125X,Xs—0.01500X:X,—  0.905  0.000
0.01896X,%-0.07521X,%+0.08979X;*-0.00646X,’

o

Xy, skim milk conc. (%); X, temperature (C); Xs, incubation time (h); X4, starter conc. (%); Y1, ACE
inhibitory activity (%); Y2, pH; ACE, angiotensin converting enzyme.
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Table 5. Analysis of variance for ACE inhibitory activity, pH (coded units) about fermented milk
by Lactiplantibacillus plantarum K79

Response Sources DF SS MS F-value p-value
Regression 14 2,152.78 153.770 3.24 0.024
Linear 4 1,443.41 360.853 7.61 0.003
Square 4 653.14 163.286 3.44 0.043
Y, Interaction 6 56.23 9.371 0.20 0.971
Residual error 12 568.97 47.414 - -
Lack of fit 10 563.85 56.385 22.00 0.044
Pure error 2 513 2.563 - -
Total 26 2,721.76 - - -
Regression 14 5.70276 0.40734 8.21 0.000
Linear 4 4.93970 1.23493 24.89 0.000
Square 4 0.45121 0.11280 2.27 0.122
Y, Interaction 6 0.31185 0.05198 1.05 0.443
Residual error 12 0.59540 0.04962 - -
Lack of fit 10 0.59533 0.05953 1,786.00 0.001
Pure error 2 0.00007 0.00003 - -
Total 26 6.29816 - - -

Y4, ACE inhibitory activity (%), Y2, pH; DF, degrees of freedom; SS, sum of squares; MS, mean square
(MS=SS/DF); ACE, angiotensin converting enzyme.

interationse= 0.9712 0.05% =F0llA 3-2l/g0] gl A2 Uit $4%4 Y04 Regre-
ssion} Linear+ 212} 2 _/;_%O] 0.000°24 w9 -§-ol/do] =A Yep oY Square®t 2-way
interations= 22 0.1229} 0.443°2 0.05% $FoA {940 gl Aoz et

RS HEA 7é3'—} verd & 249049 coded & uncoded #ES Table 69 YERAACT
22 249 19 code F2 X1=13.49, Xp=33.4, X3=21.5013 18|1 X4=0.0578% UERdtt. &
skim milk BEX)E 13.49%, B SZ(X)= 33.4C, HIGAIZHXa)2 21.5013A417, AEFE 7}
F(X)Z 0.0578%L W 24 ACE A5t pHE ELt.

Table 6. Optimal conditions of ACE inhibitory activity and pH

Independent Critical value Predicted Stationary
Dependent . :
variables (uncoded) value point
X1 10.0
Y, iz ?;:230 A 90.0000 Target
X4 0.200
X1 6.0000
‘ oA
X4 0.200
X 13.4931
Multiple response Vo v X2 33.4057 i
optimization bz X 215013
X4 0.0578

Y4, ACE inhibitory activity (%); Y2, pH; ACE, angiotensin converting enzyme.
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Fig. 1. Response surface plots for the effect of independent variables on dependent (ACE inhibitory
activity and pH) in Lactobacillus plantarum K79. Xi, skim milk conc. (%); X,, temperature (C);
X, incubation time (h); Xs, starter conc. (%); Y1, ACE inhibitory activity (%); Y2, pH; ACE, angiotensin
converting enzyme.
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Table 7. Predicted results of verification under optimized conditions

Dependent Predicted value Experimental value
Yy 86.6916 85.5
Y, 4.60 4.58

Y4, ACE inhibitory activity (%); Y2, pH; ACE, angiotensin converting enzyme.

o= AFNY, 3N, FEEE, B A 59 EokollA de o] 8= ItH18, 19]. ¥k
BHEAHE &3 H4 di&H 2270 93t jEgHs g3t SRIAIY AR Table 73
2t} o] ff gAtEl= ACE A2 86.69%, pH= 4.60]1910H, AFES ACE A2 85.5%,
pH= 4.580] 31t}

2 9

¥ A= . plantarum K795 ©1835t0] ACE AAIEA 3 A5t 49 ehax4S RSM
< o] gsto] d&ataA} ottt 4719 SHHELREAHEEY 1% H7D 5=(6%14%), BT &
T(320427), wiF AIZH8-24A17D), 2EFE H718KH0.02%0.2%)) STAl 4 &4 A 9 9k
T BEAHE ARSoto] 249 BhE 27 Z7gohke ol ARSIt 45 E ACE oA &4
pHTHO ACE A& 2AE Taddolx 1008 5435t Yebd goloh). 24 A=
ACE A €4, pHell disl 2tz 0.791, 0.905°190ct. o] ACE 94 €42 10% BAHEET
1% 37D &k, 37C Wi 2%, 17.8 h v AIZF & 0.2% AEeFE H7kF 27004 90%0] k.
RSMo|| 7]z510] dl&d 2 #a ACE 242 AHEET 1% 7D &% 13.49%, AEFE
0.0578%, BiF2% 33.4TolA 21.5A17F B2t ik of ACE %A €4 ¥ pHY 9% 2
86.69% X pH 4.601%910m AA| g2 2+ 85.5%2F pH 4.58°]%1ct.
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