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Abstract

Utilization of corn steep liquor as nitrogen and carbon sources for the growth of lactic acid bacterial
cells has been studied and the optimal composition of the production medium has been investigated
using response surface methodology, which showed that the concentration of corn steep liquor and
yeast extract(p<.01) and the cross interaction of the components(p<.05) influenced the growth of
Lactobacillus fermentum LDTM CGI1. The optimal concentration of corn steep liquor, yeast extract,
and Tween 80 was 10.77, 3.39, and 1.69%, respectively for the maximal viable cells of L. fermentum.
For Lactococcus lactis ssp. lactis LDTM PP1, the corn steep liquor concentration(p<.01) and the cross
interaction between corn steep liquor and B -glycerophosphate disodium salt influenced the growth
of Lc. lactis ssp. lactis. The optimal concentration of corn steep liquor and B -~glycerophosphate
disodium salt was 35 and 4.38%, respectively for the maximal viable cells of Lc. lactis ssp. lactis.
The content of lactic acid and acetic acid produced by L. fermentum in MRS broth and the optimal
test medium were 0.166, 0.114 and 0.273, 0.081 M, respectively and those by Lc. lactis ssp. lactis in
M17glc broth and optimal test medium were 0,089, 0.003 and 0189, 0.003 M, respectively. In
conclusion, corn steep liquor is thought to be a good nitrogen and carbon sources for the growth of
L. fermentum and Lc. lactis ssp. lactis.
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ol 4 wiA S o] A& FFIEE comn
steep liquor2 WA 3 vl XN A Pichia stipitis
CBS 60549] D-xyloseZ* & ethanol AAHS
8] 4 ¥ 3 A4, corn steep liquor 7} xyloseE
W E T yeastd] AR HHE XY F
B $4% 9%¥2283 3% Moina 9%
corn steep liquorg ®©4 FFLSEZA Xan-
thomonas campestris®] batch v <kel]l #7713}
AL g AXEe AAE HE, xanthan A4S
ZAANAGE dHh o] Bel% Aspergillus
niger F2078¢] WY A acid protease AAH?Y,
Aspergillus niger #579] glucoamylase(S), As-
pergillus niger NCIM 12073} Penicillium
pjnophj]]ummgl cellulase AAFNAME  corn
steep liquor7t 2 A4 FF Y Yl =499
o E3 MO E S FERTFAAE 2T = R
AFAME® £82 com steep liquorE A
& FANA D Aese) RAFe s
A F9 AFH Aol JHEEA HAuH =F
A mAE MY HYZAS A7) 9
o E AFEAEGHY 3 Fofd vk ¥
™ H4(Response surface methodology)< ©]
43} Bifidobacterium longum® o33 A4+
A3 383 Lactococcus sp.o) B 2
bacteriocin A4+ AA3H Vol B3t A7AAS
o] Xy HF 3t}

o A7 FHAAe AL T AL L &
2 FFYLZA com steep liquord] o1& 715
AL AP vHg W EH S AL E3o B
28] HAH AFE Dt A Ahiz] A
Ao NEZARE AABIAA Al sER T}
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Aol AMRS e ALy YA
#}at {7t e @ Gy ES A7 B
%9 Lactobacillus fermentum LDTM CG13}
Lactococcus lactis ssp. Jactis LDTM PP1& A}
|3

L. fermentum LDTM CGl1& 7189 o
A B8 FAF gFo)3L Le, Jactis ssp. lactis
LDTM PPl sjR) 2] EoA £ =33 &+
F2A, Ag A L, fermentum LDTM CGl
< MRS HAwRNA, Lc lactis ssp. lactis

Table 1. Composition of basal media for the
growth of lactic acid bacteria

CSLL CSL.-Lc‘
.. medium:
medium: ,
Lc. lactis ssp.
L. fermentum .
lactis
Corn steep liquor 7% 7%
Glucose 2% 2%
Yeast extract 5% -
KHzPO4 0.1% -
K,HPO, 0.2% -
Tween 80 1% -
B -Glycerophosphate
 CeroPtiosh - 1.9%

disodium salt(sigma)

LDTM PP1L lactoseE glucose® th A3t
M17glc HAwiRNA Zt2t 23] A F& F
AH&-E R

Corn steep liquorg& FAELZ = HiA] ¢
718 AL Table 134 ZoH, 48%9) F¥,
52%9 F18%, 10%< 899, 15%9 At
05%9] oloxelAX 3% FAA, I8y
150 ppm ] o3-S FH-3H 2 AU E corn steep
liquorg (F)MYeEREY FY3e A
HiR) 9] FAHROFE AL EIHOH, A FEE glu-
cose$} yeast extracts ZHz} 4ok A ¥ 29} #)
Y Universal2 %8 +93t9 AL&3Ach 2
2 e AAE NAE] A8 e
AlekF9 Tween 8040 g FRol= N7
B -glycerophosphate disodium salt(m% +9
3t AR 718 Alkge] KHPO.3
KoHPO & 7Y 3] AHE-3l9 o, vl =] 9] pH
= 7 AEE £88 0¥ 10 N NaOHE A4
8l pH 652 23 F BF st AME3IH Y,

EH 2AE 0|28 RAT MR

HI

W
e
T glo

1) Lactobacillus fermentum2 HHX|

Agu] 49& £ Table 19 71& =] A&
FoA o] FFo AR wiYA F23% corn
steep liquor, yeast extract, 1812 Tween 80
o] Wisted FHEAA 8 (central composit
design)ol &) 1770 A2 ZHoZ AEES A
gagom™ 3749 29 g o) 43
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3} (coding) 3+ .
x1 = (Corn steep liquor - 7)/2
%2 = (Yeast extract - 5)/2
x3 = (Tween 80 - 1)/05

A5 2AES F£FL Table 2914 B
= dpel Zon wkgdgo) tid 3717 8%
A= &3 2 23 thE3 AR ¥ (second
order polynomial regression model) 22 37}
dom® vy veas & AFFE de
Atk

y=Bo+ B+ Baret Buat+ Bud®+
Baod® + Baaa® + Biaxie + Bisxins +
Bt e

y . response variables

Bo : intercept

B1-23 © regression coefficients

X1-3 - independent variables

& ! random error

2) Lactococcus lactis ssp. lactisE HHX|

Table 19] 712 wjA] 2244 F A corn steep
liquor, B -glycerophosphate disodium saltell
g3t ZATAAA G ) 117] A2 2%
oz AYS Ao, wewse o
3 27HA 29 E3E= o ¢ 7L 24 byl
Anyoz Hriagen'® dzsa 2ds
9] #&& Table 3oiA HE vhe} 2o}

2 2
y=Bo+ Bt Bae+ Bua"+ Bad™ +
Broixe + €

y @ response variables

B0 : intercept

B1-12 : regression coefficients
X12 - independent variables
€ . random error

EAEX L SAS packageE o] &3 oH,
whe ¥ 242 REREG procedureE A48}
A g RdEo] HAPAINE FAIE}Y)
98t BAe AA (lack of fit) & 3R o9,

3zt e E = G3D procedureE AME-3IATH
(18)

FHARO| HiX| B/ 4o WY

9 A8l A corn steep liquorE FAESR
3t 3 wix], MRS =& Ml17glc 95
iRl A 4t AAAFE B TAE37] A,
L. fermentum LDTM CG1€& MRS o vl x|
9 9 Ao AAE AR 1%E HEF
ste) 37CAA 10417 WFs &, o] 5199
e wEk AZE AXY Yt Lo lactis
ssp. lactis LDTM PP12 Ml7gic 4 AH =], &
Huj R o) 1%E HE3 37CoNA 10~ 7 b
%% the L. fermentums FY&A A3
Aot

ztzbe] A Aul xlof 58f €] 0.0085 N H:SO4E
A7V, 2417 A& o8 4,000 pmeE 9
ARt A54E FF3AT o) A5AE
045 pme] AHRAE o] &3 AL o] o
BE AFEE AMLEHT

HPLCs Shimadzu Model LC-6A (Japan)

Table 2. Coded factor levels in the central composit design for the effect of medium composition

on the yields of viable cell

Factor —V3 0 +1 +v3
Corn steep liquor(x;) 3.35 7 9 10.46
Yeast extract(xz) 154 5 7 8.46
Tween 80(x3) 0.13 1 15 1.87

Table 3. Coded factor levels in the central composit design for the effect of medium composition

on the yields of viable cell

Factor -2 -1 0 +1 +v2
Corn steep liquor(x;) 41716 5 7 9 9.8284
B -Glycerophosphate disodium salt(xz) 0.5858 1 2 3 3.4142
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E Ag39o 1, UV/Visible detector(Shim-
adzu, SPD-6AV, Japan)& AHE3le 210 nm
A BEAE AAEAT AEY FYFS 20
ulojR o, o] F AL 00085 N HoSOE AME-
39T 42 0.6 ml/minolth ZH & Am-
inex HPX-87H(Bio-Rad, US.A)E AI£3}H
on Zyge 2L+ 65CoIUT AFEALS
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dted W9 WAL FAA
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steep liquor2 ™ A & Table 19} 718 ZA 9
A X E AR F A4S AZE AE
3+ A, Lactobacillus fermentum LDTM
CGl19 AL wixol A7tEl= corn steep
liquor, yeast extract, 2] 3 Tween 80¢] ¥
of 3A J&E Bk, Lactococcus lactis
ssp. lactis LDTM PP1¢] 432 corn steep
liquor®} B -glycerophosphated] %#&ko] =A

Qs = A0 F Vel o e gE). welA
o] AR EE FAFA A ¥ (central composit
] RA 2h3S 1770 A 2¢e

2, 28 27 114 J2 2oz A¥e 4
AERSES

Sigh & 234 2@ yrea, casein, pep-
tone, beef extract, groundnut meal® 7] 2
2 FFYe2 A 83t Aspergillus niger
F20782] WEA acid protease QA4S A8 &
23 §357t peptone THE2 2 ALA 4o
$FARDL A Fool 59 S5
0] &3t $-H7F E0f A 2 AR A
Bifidobacterium longum, B bifidum, Lacto-
bacillus acidophilus& &-f3t= 4 F 9 23
g 7V EA stk 3, wiR|e HotE
Tween 80 =& oleic acid= 34t 7hgo] A A
¢ a3 gen™ 52 % -196C A
ZAE A o) &8E F-X 3= &t
AE Aoz BIET Jo? aw HH AR
pH7} pH 6~6.5%0 24730 e] wioka) 8
AZ sodium hydroxides Rt ammonium
hydroxides =+ calcium hydroxides& A& 3}
o pHE FA3l= 2o ¥ B A ZE Q4
F AAT, I AT AAE A EY Yol i

Table 4. Effect of medium composition on the growth of L. fermentum LDTM CGl

Concentration(%)
Viable cells(x 10" cfu/ml)
Corn steep liquor Yeast extract Tween 80
1 8 2.26 1 177
2 8 2.26 2 174
3 8 426 1 228
4 8 . 4.26 2 254
5 12 2.26 1 205
6 12 2.26 2 261
7 12 426 1 207
8 12 426 2 247
9 10 3.26 145 304
10 10 3.26 145 278
11 10 3.26 145 265
12 7 3.26 1.45 229
13 13 3.26 1.45 265
14 10 2 145 225
15 10 5 1.45 218
16 10 3.26 074 239
17 10 3.26 2.16 253
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Table 5. Analysis of variance for the growth of L. fermentum LDTM CGl

Growth
Source df* o

SS Prob>F
Model 9 17504 0.0050
Linear terms 3 3689.982832 0.0311
Quadratic terms 3 10576 0.0018
Cross product terms 3 3237.900335 0.0418

Total error 7 1602.157671
Lack of fit 5 813.491004 0.8163

Pure error 2 788.666667
R® 0.9161

¥ Degrees of freedom, “Sum of squares, “Coefficient of determination for second-order model.

oA Terzaghi®t Sandine™”& 1.9%
B -glycerophosphate disodium salt & & v =]
of A7t Azt 3k FF o] AAHA
o, oL Aol AAsE AL F3HA
71e WA 8] fFHo] FAHJYY Wil
sttt

1) L. fermentume| %|&&} K|
Coding® kol whal wix] 24} g 1770
o] Ag#o g L. fermentum LDTM CG1

o 43 FE F3Y AT Table 49 2ok A

A modes} 12+8H(linear term)ol 3k F9]A
£ p<001Z vErRt 3, 223 (quadratic term)
# W35 (cross product term)N M= 5% F
FoAA FeJAdol AN =3 AHFY FA
(lack-of-fit) ZAAAA HAde] Uebtx] &
ol Algell AFE3F modelo] HATS & F U
A TH Table 5). 3+, Table 62] 3] HFA of| A
B nke} ZFo) corn steep liquor$t yeast
extract®] %7t L. fermentum LDTM CGl
o] Aol & P& v X v(p<01), corn st-
eep liquorSt yeast extract®] ¥ #&o] AA

Table 6. Regression coefficient for the grow-
th of L. fermentum LDTM CG1

Growth
Parameter
Estimate Prob> l T |
B o(Intercept) —-876.233142 0.0036
B1(X1) 104321101 0.0079
B2(Xz) 287497626 0.0004
B3(X3) 137.209618 0.1794
B1H(X) - 4147989 0.0146
B (XD ~29,055222 0.0006
BE(XP) -172.821397 0.0132
B12(X1Xa) ~ 8937500 00124
B13(X1X3) 9,051913 0.1338
B 2(X2X3) 3.452680 0.7559

X; = Corn steep liquor, X2 = Yeast extract,
X3 = Tween 80.

o Fg& AT A2E YEIGT(p<05).
I+ E (eigenvector) & ZH X (eigenval-
ue)= Table 70 Weld vle} 23 IH{X)7}

()& EA32Z YA (stationary point)

Table 7. Canonical analysis of response surface of the three response variables corn steep liquor,
yeast extract, and Tween 80 for the growth of L. fermentum LDTM CGl

' Eigenvectors
Eigenvalues
Corn steep liquor Yeast extract Tween 80
—22.466488 0.795660 -0.351768 0493137
—-40.128224 -0.372032 0.358684 0.856118
—~76.820707 0.478035 0.864642 —0.154522
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Corn Steep Liquor
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Fig. 1. Effect of corn steep liquor and yeast extract on the growth of L. fermentum LDTM CG1

at 1.69% Tween 80.
A Contour plot

Each symbol indicates yields(viable cells number X107 cfu/ml) of L. fermentum LDTM CG1 cells,
.t 1225~1400, ™: 140.0~1575, ---: 1575~175.0, = ==: 175.0~1925. +++: 192.5~210.0, 000:
210.0~2275, XXX 2275~245.0, WWW: 2450~2625, ***: 262.5~2800, # # #: 280.0~297.5.
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X1=Corn steep liquor, Xo=Yeast extract, Y =Viable cells number X 10" cfu/ml.
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Fig. 2. Effect of corn steep liquor and Tween 80 on the growth of L. fermentum LDTM CGl at

3.39% yeast extract.
A Contour plot

Each symbol indicates yields(viable cells number X107 cfu/ml) of L. fermentum LDTM CG1

104.70~131.03, +++:
131.03-157.36, 000" 157.36~183.68, XXX 183.68~210.01, WWW: 210.01~236.34, ***: 23634~
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X1 = Corn steep liquor, X3 = Tween 80, Y = Viable cells number x10" cfu/ml.
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Fig. 3. Effect of yeast extract and Tween 80 on the growth of L. fermentum LDTM CGI at 10.76%

corn steep liquor.

A Contour plot

Each symbol indicates vields(viable cells number X10° cfu/ml) of L. fermentum LDTM CGl
cells. ..: 0~30, ™: 30~60, ---: 60~90, == =1 90~120, +++: 120~150, O00: 150~180, XXX:
180~210, WWW: 210~240, ***. 240~270, # # #: 270~300,

B: 3D

X2=Yeast extract, X3=Tween 80, Y =Viable cells number X 107 cfu/ml.

o] Higkol 2™, RSREG Wl &js) o

=

=

9 Ao AAHL 10.77% corn steep liquor,
3.39% vyeast extract, 1.69% Tween 800132
o, Zt AEEY SAS 9% contour plotd 3
219 ¥he ST = Fig. 1, 2, 2313 39 vehy 9l

o

2) Lc. lactis ssp. lactis2| == 3t sHX|

Coding® #tell wet wjx) A e) & 1170
9} Aol 3 Le lactis ssp. Jactis LDTM
PP18] A7+E 543 3= Table 834 7+
o}, A A mode, 123} (linear term), 18 ¥ 23}
3} (qusdratic term) ol ™3k § AL p<O01E
vebg Y, 2338 (cross product term)ol A&

Table 8. Effect of medium composition on the growth of Lc. lactis ssp. lactis LDTM PPl

Concentration( %)

Corn steep liquor

Viable cells( X 107 cfu/mi)

B -Glycerophosphate disodium salt

1 0.6 15
2 0.6 35
3 3.4 15
4 3.4 35
5 2 25
6 2 25
7 2 2.5
8 0 25
9 4 25
10 2 1
11 2 4

101
1125
205
367
283
3325
326

0
3215
1775
358
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Table 9. Analysis of variance for the growth of Lc. lactis ssp. lactis LDTM PP1

Growth
Source df”

ss® Prob>F
Model 5 148390 0.0006
Linear terms 2 105971 0.0003
Quadratic terms 2 36757 0.0032
Cross product terms 1 5662,562500 0.0472

Total error 5 4129.739877
Lack of fit 3 2682573211 0.4765

Pure error 2 1447166667
R¥ 09729

¥ Degrees of freedom, YSum of squares, “Coefficient of determination for second-order model.

Table 10. Regression coefficient for the grow-
th of Lc. lactis ssp. lactis LDTM PP1

Growth
Parameter
Estimate Prob> | T |
B o(Intercept) — 145547367 0.1656
B1(Xy) 168598474 0.0056
84(X2) 121721256 0.0972
8 4XD ~ 40.876733 0.0011
820X ~ 24641310 0.0761
8 1(XXa) 26.875000 0.0472

Table 11. Canonical analysis of response
surface of the two response variables corn steep
liquor and £ -glycerophosphate disodium salt
for the growth of Lc¢. Iactis ssp. lactis LDTM
PP1

Eigenvectors

Eigenvalues Corn steep 8 -Glycerophosphate

liquor disodium salt
—-42.061634  0.315037 0.949079
—176.888247 0.949079 —-0.315037

X1=Corn steep liquor, X,= A -glycerophosphate
disodium salt.

5% FEFANA Fd0) U =3 FFA A
o (lack-of-fit) ZAAANA H9Adel vehtA
ol AJFoll AFEEF modele] AAFL & F
A A }H(Table 9).

Table 108 IAEHA HE ulsl 7o)
corn steep liquor® EX7} Lc, lactis ssp. lactis
LDTM PPle] Add] & H4&& v|A(p
<0.01), corn steep liquor®t B -glycerophosph-
ate disodium salt®] 23 8o Ao &
$ e Aoz Y th(p<0.05).

39 E (eigenvector) &b 3 -# (eigenval-
ue) & Table 119 Jebd v} 23 I /A7)
(-3 A2 2 43 (stationary point)
o] HAthgtelN v, RSREG Wy 9J&f 43
B AR AAHEL 35% comn steep liquor,
4.38% B -glycerophosphate disodium salt.2.

o, Z+ AEE9 SASA 93§ contour plot 3
A9 ST = Fig 4o vebhyd g

X SR/EH FHAREe| 4 Al

HPLCE ol&3le MRS dAulR], 10.77%
corn steep liquor, 3.39% vyeast extract, 1.69%
Tween 80°] A 71¥ CSL1 HAuf xjell A wf <
8 L. fermentum LDTM CG13 Ml7glc 94
¥l A, 35% corn steep liquor, 4.38% B -gly-
cerophosphate disodium salt’} 37}8 CSL2
A e R A A wRYI Lc Jactis ssp. lactis
LDTM PP19] 4t AAE v 2&HH(Table
12). L. fermentum< A3 A Q) hetero 24+ ¥
#E 393, Le lactis ssp. lactis LDTM PP1
2 homo 4t WHEE oy, MRS oAy
A9 Ml7glc HAiAINA Bt} con steep
liquorE AME-3le] A ZE HA 3 wjX oA &
o] Aol &kt
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Fig. 4. Effect of corn steep liquor and 5 -glycerophosphate disodium salt on the growth of Lc. Jactis
ssp. lactis LDTM PPL.

A Contour plot

Each symbol indicates yields(viable cells number x10' cfu/ml) of Lc. lactis ssp. lactis

LDTM PP1 cells. ...: 0~45, ™: 45~90, ---: 90~135, = =:135~180, +++:180~225, OO0:
225~270, XXX: 270~315 WWW: 315~360, ***: 360~405, # # #: 405~450,

B: 3D

X1=Corn steep liquor, Xz2= B -Glycerophosphate disodium salt, Y =Viable cells number X 107
cfu/ml,

Table 12. Acid production of L. fermentum LDTM CGl and Lec. lactis ssp. lactis LDTM PPl in
various culture media

Acid produced

Lactic acid(M) Acetic acid(M)
L. fermentum LDTM CG1 in MRS broth 0.166 0114
L. fermentum LDTM CG1 in CSL1Y 0.273 0.081
Lc. lactis ssp. lactis LDTM PPl in M17glc broth 0.089 0.003
Lc. lactis ssp. lactis LDTM PPl in csL2? 0.189 0.003

Y Contain 10.77% corn steep liquor, 3.39% veast extract, 1.69% Tween 80, 2% glucose, 0.1% KH:PO4, and
0.2% K:HPOy.

@ Contain 3.5% corn steep liquor, 4.38% B -glycerophosphate disodium salt, and 2% glucose.
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