EEEECEHERRE (FERBATZF/\A /B0 28HEY  BEZORE=Z—UEH)
Taiwanese Journal of Agricultural Chemistry and Food Science (August, 2004) 42(4): 306-314

FI 8 B B R R B B RS T R A W A R R 2 E (b
BEBH " OBRM T MBS EEE

'ENEBASEESRR
"HRERHERERIER

(BEZTHBY: PEREAT=ZE—-A+N1E)

AWRERFHRIEAFRARANSERERRERYE  HEBIRREFERERIPE - Flom i
LB ¢ Lactobacillus acidophilus ~ L. casei ~ Bifidobacterium longum F. B. bifidum - TEREE%ETHE - KERN
HFRS - HRERBRATIEHE - SURFAR R (response surface methods, RSM) ZBAEHRE - WA HER
Y DHRESETT - ARBRRN=EREEEERYE  23RNE -  RENKEETER  DU=8 285
RBR o MLABSEE 10 /NFFLER T - X AFER L casei ZHERBERIEREIER (response) » iR Box
Behnken 2 =R FZREREEET » 3518 17 HEEH - R—EEE TETHE - AR E R H Design-Expert 58

TR TR 0 FHLURENEEER (genetic algorithms, GAs) BFFRAWRELERER - I8 GAsHERAE
BRI - BERE - BRSERBEES RERMNE » £88 10/ EEES A 1.12 ~ 3~ 1.5% - BTG REH
BEARRSE  RTUIREEER - I GAs FiitEC REM - E—8 S L SRR A 1R 4 i B B RN He i
R W ESRIRINR A B WE 2 RIS AR S > B3 GAs 2B M4 R B EIE N BRAS 2L - B ieeni
e S BIREL GAs iR -

RRT  REH ol BEERRE-

Study on the Optimal Growth Rates of Probiotics in Yogurt by
Genetic Algorithms
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? Department of Mechanical Engineering, Tung-Nan Institute of Technology, Taipei, Taiwan
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This research was to study the effects of addition of ‘growth promoters to skim milk on the viability of
probiotics (Lactobacillus acidophilus, L. casei, Bifidobacterium longum, and B. bifidum). The purpose of
this study was to optimize the activity and viability of the probiotics by the response surface modeling and
the genetic algorithms. Samples were prepared by addition of three different growth promoters (peptides,
fructooligosaccharides, and isomaltooligosaccharides) to skim milk. A three-factor, three-level Box Behnken
Design with five replicates at the centerpoint was used to reduce number of experimental trials and increase
the R? of models. Seventeen combinations were obtained. The results showed that the quadratic model
appeared to be the most accurate with no significant lack of fit with high R®. The GA results indicated the
optimal amounts of peptides, fructooligosaccharides, and isomaltooligosaccharides were 1.12, 3, arfd 1.5%,
respectively, led to the highest growth rates of probiotics. Model verification was performed by additional
independent trials, and the experimental values were very close to the predicted ones with no significant
difference. The genetic algorithms (GAs) were proved to be very effective for optimizing the activity of
probiotic cultures. The amount of organic acids and the composition of free amino acids in samples
recommended by GAs during 10 hours fermentation were determined. Results showed addition of growth
promoters could improve the activity and viability of probiotics resulting in increasing the amount of amino
acids and organic acids. e

Key words: Probiotics, Optiniization, Genetic algorithms.
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z— ZRFERBAKEMBEHRITHIE AEEE ST (lack of fit) = SStackof fit /
Ve B B R HL R 2k DF 1ack of tit (5]
Table 1. Process variables and their levels
in the three variables-three levels
response surface design

SSiack of rit fCFRIEZLAISESTHI 5 DFrack of 1t {4 T2
FrERBENE SR EERENEE B

WE1-
Level
Independent variable Symbol :
Coded Nature A BE 1R B (R-squared, R = 1 - [SSresiduar/
-1 0.00 (SSresidual + SSnoder) ] [6]
Peptides conc. (%) X4 0 0.75
+1 150 SSreSidual = SSlack of fit + SSpure error [7]
0.00
FOS cone. (%) X2 0 1.50 B5# 72 FEF Matlab 5.3 (The Math
*1 3.00 Work, Inc., 1999) k8% i& 54 |7 JfE ih 1 (& -
o -1 0.00 RS S B B A R R B R BA LR
IMO cone. (%) X3 0 1.50 3. DIBEMEERETRELSNT
+1 3.00

TR B AT < & TR 0 DU
R E T R LT - R AR B R B
BB LT E RIS AR (encoding) - B

FOS: frucoto-oligosaccharides
IMO: isomalto-oligosaccharides

6 FLEB 45 B (Lactobacillus spp.) ~ ¥ X AR
(Bifidobacteria spp.) Jt L. casei 7 4 £ 3 R{E
o I FEME R (response) » ARG EE RS » 7]
517 B (LB EEAR) -

. BRE il T B =N AT

1 _F a3 Ee F5 R H Design-Expert 5
R ET N DR RERRABEER
C—BZRFAERN TR

y=1 (&, Eo, EOt € ' (1]

Er Eo ExERITIB/BIBH
(independent variable) » Bl &85 » v K JE
% (dependent variable) » e BIRE - BT
A REER TR o e I B R
s FERXWT -

y=1 (x, Xz, 7, X)) t € (2]

X1, Xz, **°, Xk?%fﬁﬁa%fh%%( °

777 R =0 5 ) 1 R RS A R o AT R B
BEDHRE - HbhE AT B4~ F
REES T RAERRBZHEART

*FF7(sum of square, SS) =3(¥,-Y)* [3]
B 447 (model analysis) = SSuset / DFsaier [4]

SSuotet R AL AT T 5 DFocar (R FHE AR
HEIE S - (B EEEE (intercept) 18 -
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R REEHE SRR NI nl REEN
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Table 2. (@) Model analysis (b) Lack of fit tests (¢) R-square analysis of probiotic growth
rate model during 10 % fermentation

(a) Model analysis
AC! B C

Source Sum of squares p>F Sum of squares p>F Sum of squares p>F
Mean 0.73 0.70 0.75 -
Linear 3.12%x 10 0.01* 3.50 x 10° 0.03*. 3.70 x 107 0.01*
Quadratic 2.38x10° < 0.01%* 3.45x 103 <0.01%* 277 x 107 <0.0]1**
Cubic 5.67 x 107 0.41 1.42 x 10 0.11 1.75 x 107 0.85
Residual 6.22 %107 4.77 x 107 8.88 x 107
Total 0.73 0.71 0.76

(b) Lack of fit tests

AC B C

Source Sum of squares p>F Sum of squares » p>F Sum of squares p>F
Linear 244 %107 <0.01%* 3.59 x 107 <0.01%* 2.79 x 102 0.01*
Quadratic 5.67 x 107 0.41 1.42 x 107 0.11 1.75 x 10° 0.85
Cubic 0 0 0
Pure error 6.22 x 10° 4.77 x 10° 8.88 x 107

(c) R-square analysis

AC B C

Source R-squared Press R-squared Press R-squared Press
Linear 0.56 4.42 x 102 0.49 5.99 x 107 0.56 4.85 x 107
Quadratic 0.98 1.01 x 10°® 0.97 2.35x 107 0.98 4.19 x 10
Cubic 0.99 0.99 0.99

*Significant at 5% level; **significant at 1% level.
1 AC: L. acidophilus + L. casei; B: Bifidobacterium; C: L. casei.

R= BEI0/NFREEERERFEGRE
Table 3. The coefficients of probiotic growth rate model during 10 # fermentation
Coefficient \Y GR (AC)! GR (B) GR (C)
Bo 1.50 x 107! 1.50 x 107! 1.60 x 107!
B 7.20 x 107 8.40 x 10 8.00 x 102
B 8.76 x 107 532x10? 9.49 x 107
Bs 230 x 102 2.30 x 107 1.40 x 107
B -3.40 x 10 4.30 x 1072 -4.20 x 1072
B -3.95 % 107 -9.13 x 10* -8.68 x 107
Bas 324 x 107 -5.51 %102 2.91x10?
Bz 3.79 x 107 3.98 % 10° 2.69 % 107
Bis -2.39 x 107 3.69 x 107 232 x 107
Bas -4.66 x 107 -2.18 x 107 -2.07 x 1073

GR: growth rate; 1 AC: L. acidophilus + L. casei; B: Bifidobacterium; C: L. casei.

HFREEERCIER  FRBC<RTE=M -
HEe BBy =#EPTRKEL  FTEEH
AR ZIRE - LB HALRE SR -

— Ry B lE 10 /N HAR - K IMO R B o3 Bl ] E 7t
0-1.5-3%" BRE K FOS HRARWAEREHRZE
2 BRBERR=E M RMEImE - IR
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Fig. 1. Response surface plots of composite function fitness showing effects of peptides and fructo-oligosaccharides (FOS) at
(a) 0% (b) 1.5% (c) 3% of isomalto-oligosaccharides (IMO) during 10 % fermentation.
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Table 4. (a) The optimum producing models (b)
The validation of the optimum
producing models of drinking yogurt
recommended by GAs

(@

Concentration (%) Peptides FOS MO
104 L.12 3.00 1.50
®) |
GR(AC) GR(B) GR(C)
Growthrate Pred Exp Pred Exp Pred Exp
104 0.23 0.22 022 0.18 024 022

FOS: fructo-oligosaccharides; IMO: isomalto-oligosaccharides;
GR: growth rate; AC: L. acidophilus + L. casei, B: Bifidobac-
terium, C: L. casei, Pred: predicted value, Exp: expected value.

ARREEEREERE -

GAs 7 B A8 & 58 X bR T AR A% B8 K T AR Y
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B —ERGREERER/] > HEEERENE
REABAS B {LA BEERRARRE -

M GAs Bz EFMEN FREHEHE
REESCTE

Lee F1 Salminen® #& i » ALEG IR B K & W 7,
BRERMHEECTEERBEILR - BB S
B o KB FEHEEAEE > GAs FE B2 10 /)N
R 300 D O ¥4 7S o o i B ¥ B (12% skim
milk)ASEEE 26 10/ NGABRERBESR (R

BREAMW BOHE MESC BER

KRB 93 558 42 4528 4 1l

H) o b - AER R N ] B R O B A O
T o s B HE T AR 3B FIT 352 P 0 IO Aok B B 6 R
AR -

B Ama B - CAs 2 GHME B
FHHBESHSS DEEABEE B
TUNEFEN TSRS B Y 1.54 45 Bl A/
3.21 £ 5 F 10 /NEFEEE] 4.64 (52 % » TR
CAs At RERMEN BRMEREES
EHBREELERENEE .
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Table 5. The effect of the optimum producing models recommended by GAs on lactic acid

and acetic acid (n. = 3)

Time (k) 2 6 10
Lactic acid Acetic acid Lactic acid Acetic acid Lactic acid Acetic cid
(mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
Gas' 0.43 0.18 231 041 7.38 0.95
Control? 0.28 -2 0.72 0.39 1.59 0.67

1 The optimal producing models recommended by GAs.
2 12% skim milk.
3 Not detected.
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Table 6. The effect of the optimum producing models recommended by GAs on free amino acid content

313

Concentration (mg/L)

Amino acid Control? GAS?

0h 2h 6h 104 0h 2h 6h 104

Asp 1.20 1.01 0.40 0.39 1.17 1.18 1.12 1.25
Thr 0.81 0.93 0.67 . 0.15 9.96 9.90 9.59 9.04
Ser 0.69 0.70 0.41 0.05 0.74 0.76 1.07 1.49
Asn 0.12 -3 — — 0.47 0.43 — —
Gln 0.50 0.35 0.03 0.12 1.59 1:56 0.83 0.09
Pro 1.03 1.13 2.04 3.86 1.40 — 1.82 —
Gly 3.22 3.36 3.44 3.97 2.19 2.23 3.16 3.71
Ala 1.48 1.51 1.53 1.49 4.85 4.81 4.68 2.87
Val 0.70 0.64 — 0.04 1.33 1.34 1.58 0.87
Met 0.06 0.05 — — 2.54 2.55 247 1.99
Ile 0.25 0.18 0.02 — 0.93 0.93 1.01 0.28
Leu 0.45 0.32 0.06 0.19 6.09 6.10 5.99 5.21
Tyr 0.14 0.15 0.01 0.03 0.63 0.62 0.60 0.44
Phe 0.25 0.22 0.10 0.17 7.04 7.06 7.04 6.95
Trp 0.04 0.04 0.02 — 0.04 0.04 0.04 —
Lys 0.90 1.01 1.29 2.14 23.12 23.07 22.88 23.19
His 0.21 0.25 0.62 1.06 0.27 0.29 035 0.47
Arg 0.04 0.74 0.86 1.68 0.48 0.51 0.45 0.50
" total 20.99 21.16 18.01 19.00 68.65 67.13 69.70 67.87

1 12% skim milk.
2 The optimal producing models recommended by GAs.
3 Not detected.
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