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Development of a Novel Medium with Chinese Cabbage Extract and Optimized
Fermentation Conditions for the Cultivation of Leuconostoc citreum GR1

Shin-Hye Moon', Hae-Choon Chang?, and In-Cheol Kim""

Dept. of Food Engineering, Mokpo National University, Jeonnam 534-729, Korea
“Dept. of Food and Nutrition, Kimchi Research Center, Chosun University, Gwangju 501-759, Korea

ABSTRACT In the kimchi manufacturing process, the starter is cultured on a large-scale and needs to be supplied
at a low price to kimchi factories. However, current high costs associated with the culture of lactic acid bacteria
for the starter, have led to rising kimchi prices. To solve this problem, the development of a new medium for culturing
lactic acid bacteria was studied. The base materials of a this novel medium consisted of Chinese cabbage extract,
a carbon source, a nitrogen source, and inorganic salts. The optimal composition of this medium was determined
to be 30% Chinese cabbage extract, 2% maltose, 0.25% yeast extract, and 2x salt stock (2% sodium acetate trihydrate,
0.8% disodium hydrogen phosphate, 0.8% sodium citrate, 0.8% ammonium sulfate, 0.04% magnesium sulfate, 0.02%
manganese sulfate). The newly developed medium was named MFL (medium for lactic acid bacteria). After culture
for 24 hr at 30°C, the CFU/mL of Leuconostoc (Leuc.) citreum GR1 in MRS and MFL was 3.41x10° and 7.49x10°,
respectively. The number of cells in the MFL medium was 2.2 times higher than their number in the MRS media.
In a scale-up process using this optimized medium, the fermentation conditions for Leuc. citreum GR1 were tested
in a 2 L working volume using a 5 L jar fermentor at 30°C. At an impeller speed of 50 rpm (without pH control),
the viable cell count was 8.60x10° CFU/mL. From studies on pH-stat control fermentation, the optimal pH and regulating
agent was determined to be 6.8 and NaOH, respectively. At an impeller speed of 50 rpm with pH control, the viable
cell count was 11.42x10° (1.14x10'%) CFU/mL after cultivation for 20 hr —a value was 3.34 times higher than that
obtained using the MRS media in biomass production. This MFL media is expected to have economic advantages
for the cultivation of Leuc. citreum GR1 as a starter for kimchi production.

Key words: Leuconostoc citreum, optimization of medium, fermentation conditions, pH-stat control
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FTHoR2e YEAA HAA FAHQ Leuconostoc Z50]
o] &= a1 At} Leuconostoc 452

71el 7V¢ %ol Yehe= Trﬂ‘li‘
413H= hetero AAF @& o]
fr71%ke] =58 2 E U2 ‘i‘iE%’O— AAks Ptq ZHH ES
stEAe] olsg EoA Fu FAE FEHH9). o F
Leuc. citreume X7} gktbal =44 uj7ix] o] W s
FEI, t& A FAre] &5S A= 5“@“%‘2

=

Aahe 7%

5% 73 gle] wE

N ooz

=
Frab o] dagES Aold
& M| AtgEtel el #-&

B ofle} 42 vl

9]
= + 5A4o] e 3P7] Lﬂ]-rOH 5
o] B4 wat HX] HA 32 x93 wjkzae 33
D 2AG Joll #3F A= = A7 Eesrh12). gk
Ao o] gl e FAkt vl Ql MRS WX &= Leuco-
nostoc ol tisl A stElo] QA FaL 7hAe] FobA F
o] fFstE A AR o] &atrldle B vgo] AR
EWr AR L5 Hﬂ—ir g5 AAgA oF 10% o]

S} Park(13)°] AA]a72] w5 dull¢=2 axa] it
= Bkt Addent o] & g gAFo] w2 Hold
5 dAZe] AA

AT 2al) AT Bhe B 3
q
e}

A wi (e, 3 gl of
19)% AT WA Aoz ol Al &
o, & ATl 4R FEg e A g

VERETE

ﬂ Aol 1/40) sl
3k B o] JE —]?‘VE‘% =712, b}lﬂx] Hols olom
gete] R8N 247 L1/

Z3sto] gkek27](NO-300, Ngentec, Incheon, Korea)
163 2H0R F53 Uy, o HEz 4

gateleh W F3

= 3 HiX|

B Ao ARR3 Leuc. citreum GR1 w5 X 25
T,t_i_ﬂ E;GQ O/\].;Loi Z/HEHB‘]—_/ 71;]@_? ia‘ﬂ’ﬁ
FoF Wkoka1 MRS v A (MRS, Criterion, Santa Maria, CA,
USA)Ol A 33] o] Al e A A glycerol stockH o=
~70°Cell 5 B3R TH(15). Ao vjA 2= MRS ¥l

e T

Table 1. General components of chinese cabbage waste extracts

Composition Concentration (g/L)
Maltose 0.83
Glucose 7.32
Fructose 10.54
Ascorbic acid 0.16
Soluble dietary fiber 242

Table 2. Basal compositions of CCM" medium

Composition Amount
’ (L)
Cabbage extract 400 mL

Nitrogen source (yeast extract) Sg
Carbon source (glucose)

Inorganic salt (1.0 X salt stock)

Sodium acetate trihydrate (CH;COONa-3H,0) 10
Disodium hydrogen phosphate (Na,HPO,-12H,0) 4
Sodium citrate (CsHsNa;O;-2H,0) 4
Ammonium sulfate ((NH4)>SO4) 4
Magnesium sulfate (MgSO,4-7H,0) 0.2
Manganese sulfate (MnSO4-4~ 5H,0) 0.1

YCCM: Chinese cabbage medium.

A& AR AL, EuleF wix] 2= MRS viA] oF GABA A
A Ak iR &2 7kEl CCM(Chinese cabbage media,
Table 2) Hlvl(16>; 7o R AIHH% FEE, B 24
A aga FU|9RY] =S stof A z=gh WA E ALS
3T Xﬂ+ sk Hj A= 121° Coﬂ’ﬂ 1587 Eastgltt. 9
W3 Q3 27 FE2EY v5v 0~40%= 859, &
2910 2+ glucose, fructose, maltose, lactose, sucrose,
galactosed 0~8%=,

extract, peptones 0~1%=, F7]9F+ 1X salt stocks
71#o 2 0~3X2 A& TE 1X salt stock< sodium
acetate trihydrate(CH3COONa-3H20), disodium hydro-
gen phosphate(NagHPO,-12H,0), sodium citrate
(C¢HsNaz07:2H:0), sulfate((NH4)2S0y),
magnesium sulfate(MgSO,-7H20), manganese sulfate
(MnSO44~5H,0) 2 -4 = At

A0 2= yeast extract, beef

ammonium

Leuc, citreum GR12| HHY LU X M =tol
Leuc. citreum GR1-& MRS LA 33 v x| o] =23}o

o] & Wi ¥, MRS A Aol {E3te] 30°Cell A 20~24
AZE AiE Al71aL, 4°CellA 3,000 rpm .2 153 &<t
Qe Sol 2AE ek Adez AN O, B

dAgHE 2 miH ol 1%7F = %5 A F3te] 30°CelA
24A7F B A ARATAT). WA F H 9
mLol| M 1 mLE E3alo] 1004 AHA 02 544
71 tF&, MRS ®j#A] plateo] 0.1 mL¥ #F =D (spread
plate method)3}od 48A17F &t vl st & A4 AS5S &
A3kt gk HF AAE wiA 2} MRS #l#] H] 3L Ao =



)5 FE5ES 0|83 Leuconostoc citreum GR1 3t w8 HZ wjx 2 v =4 7 1127

0~24A17F w5 &334 = A (microplate spectrophoto—
meter, BioTek, Seoul, Korea)Z &% %=(0Dgp0) = 4 3}

of AEFHE FAeT

FE—SEM AlZI2 E5t #x| 37| Hlm

Micro test tube©l] Hj%ed 500 uL& @i YAE2](4°C,
pulse) 3ko] 35 N& #|A3kaL PBS buffer(pH 7.3)2 33]
Al# F, 2.5% glutaraldehyde(PBS, pH 7.4)% 4417 A1
Asta, 0.1 M-sodium cacodylate buffer(pH 7.4)= 33]
7y 15+ MA 3T 1% 0sO4(osmium tetroxide) 2 2
AIZF 3314 % 0.1 M-sodium cacodylate buffer(pH 7.4)
2 33] 7} 1584 Ak, 50~100% & %2] ethanol®
7} 1584 S A Ft), 18] 3 tert-butanol® 33 7} 20%
A AASAIA FAHAZE 3t cells A3SH. o]F 55
¥ (E-1010, Hitachi, Chiyoda, Japan)3F t& = AW+
AR U] 74 (S-4800, Hitachi) 2.2 ALHS Hol
2718 Felset.

Z o
e

2

5L USX Y S i AlZh HHQF = S0l

HA A2 v A& 5 L jar EaZ(Kobiotech, Incheon,
Korea)®ll 2 L2] working volume 2.2 A Z38}a1, AulF Al
7 Leuc. citreum GR1S 1%2 &3t 29 vk
AZEe grgatr] 8l s sk 24 A7 S9F 4A%E FA L

kS Fsl7] Yal impellerd nykEx=E 0, 50, 100,
150 rpmO. 2 Zbz} wjofsto] vustla H Ao witEEE
Atk =9 pH-state] =4 pHE
Leuc. citreum GR1& 24A7F < v

[
ol 6.8, 6.0 L8] 5.50] tjate] ztzk Akt pH 24
ARE 1/22 343 IR ol4(25~28%, Daejung
Chemicals Co., Siheung, Korea)?} 3 M FA3lUYEF
(97%, Daejung Chemicals Co.,)& AlZ3le] AL-8-3131 0

SA Xz2|

SA A7 WHLS IBM SPSS statistics(v.20, IBM,
Armonk, NY, USA)E o]&3le EE Apxol dis H 7
F=UAE AEElon, P A 2ol & HSEH] $sko]
8 X EAFE A (One-way ANOVA)S &3t} w3t
B A oA fref g Zfo] 7k vpebd Wl thaiA AL S
(Post hoc, Duncan's multiple range test)& A3t
Aol e A3 Adtke] FolAb Wb K0.05% stk

Table 3. Viable cell count of Leuc. citreum GR1 on CCM me-
dium in different concentrations of chinese cabbage extracts

Chinese cabbage Concentration Cell growth
extract (%) (X 10° CFU/mL)
0 1.6+0.20°?
10 4.0+0.18°
Leaf 20 4.3+0.40%
30 4.440.42¢
40 4.2+0.37%
0 1.7+0.17*
10 3.4+0.21°
Stem 20 3.4+0.01°
30 3.5+0.20°
40 3.5+0.09°

DValue were means+SD.
JThe different letters in a column of cell growth are significantly
different at P<0.05 by Duncan's multiple range test.

71241 CCM WAl & WEsto] Axe vhg Leue. cit-
reum GR1& WA AT 2443 F A4S vusE 2
3} Table 3% 29t} QA &5 1.6x107~4.4x10° CFU/
mL, 7] F&&8<& 1.7x10°~3.5x10 CFU/mL9] A4S
YERSl AL, o= o 550 &7] F2ERY 1.15~1.27
vl O =& A S 1otk 53] d FEES 30% ¥
CCM HiA] ol 4] 4.4x10° CFU/mLZ 7F& =9kttt Liu(16)
o] Ao A o FEEo] Ca, K, Mg, Na, Fe, Cl, NOy, Fe,
Br, POy 55 H o] mued e 47 7] 25

F FAES] Al mul> AR

H i
of ¥ ATATe} A AT

flo *

EtA 20| e|St Leue. citreum GR12| H&k

A e Aol HAstE A E A5 st @9
o TFH = w2 FTFS ZAIGITE 7] 2wl A o A
5 FE2E2 A9 2109 9 30%E5 Ad9aala, g4
o 3= 98l 67019 & glucose, fructose, maltose,
lactose, sucrose, galactoseE 0~8% &%= 2 WA & Al
3t Leuc. citreum GR19] AJ5-< vl s}ic), vl A3}
maltose”7} & FZolA 7H =2 S-S B o(Fig. D).
W ghAgdo] H7bEA] &2 dlxT viR oA gAY Hot
Hi 2 9] 0.04~0.07H] 2 W& ASHS Hof gigde] of o
Ak AL A3 Jang(18)8] A-ollA viA] AEE
o] Leuc. citreum®] A7l vx = G&FS B G4
o] 714 A YEbR L 5 A= R e ge] &
g5 m vk &9tk Glucose, fructose, maltose, su-
crosed BAYoR o] &S = gAYS HUtekA &
2 AR =2 AHES HAAR lactose} galactoses
d7go] ALl o] Fo] XA 9kl galactosee] o3l 23]
Ao oJAE = ARE BHUh Lee(19)9] ATolA%E 2
A2HY 29, 545 559 ka7l i8] API test

A3} glucose, fructose, maltoser EF o] €3 F 9=

o Mr
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Fig. 1. Carbon source effect for Leuc. citreum GR1 growth on CCM medium. (A) glucose, (B) fructose, (C) maltose, (D) lactose,

(E) sucrose, (F) galactose.
test.

W lactoses EF o] &3HA] kdhE Ao = et
Glucose: 6% W 4.5x10° CFU/mLE, fructose: 6%
9 o] 5.0x10° CFU/mL%E, maltose: 2%% w 6.0x 10°
CFU/mL%, sucrosex 8% wj 3.4x10° CFU/mLZ 7%

2 AATE YEITE & A A7 AX F99) Lewe.
citreum GR19] 3] A2Fg &4 90 2= maltose 2%7}
7HE Ageisict. A g asEelA EEg Akt
Lactobacillus plantarum TJ-LP-002+ €429 A7} &2
2 maltose, glucose, cellobiose, lactose £ 2.2 A A
& YE©](20) maltose?] o]&4de] 71 & A& 2k
A%, Leuc. citreum GR1¥ @] lactoseol] i3] &7 9]
AE ALRE UERRTE MAES o] &3t Y] HAvt
theFabe, o] Fol met o] &% e &l

I Haso] qTH21).

UThe different letters in each graph are significantly different at P<0.05 by Duncan's multiple range

OISt Leuc. citreum GR12| H&k

o] HAst =15 7] Sl 71 ZuA oA w3
sl Q) 30% =, B4 Y92 maltose 2% = 11
S © 2 yeast extract, beef extract, peptone<
0~1%2 =2 WX & A3+ Leuc. citreum GR12] A}

A

oﬂﬂ

& ¥ stk (Fig. 2). 23 23} yeast extract, pep-
tone, beef extract 2.2 =7 eIt daYs H7ks
A & A HuHo R v K-S YERRAIRE 1 g
At 3] kokt) Beef extract® EAYO R AME
gk A9 7 2 ATSTE B 0.75% = Aa9S H71eHA
o wiAell el 1.4m19] 2 A5 BT Peptone?
e A2QS HbekA &L viA o] el 1.7~2.18 &
AEo] YAA T yeast extractZ7} B F AFES BT}

Yeast extract:™ peptoneol] H]&| FTEo] wWE HHF47}



HulFE FE5ES o| &3 Leuconostoc citreum GR1 F¢ | %&

89 M yeast extract [Jbeef extract [Jpeptone
7 ‘ g fg o fg
&7 e € e E
57 d
1 ab)| b H ¢
5] aa a a
2
14
04
0% 0.1% 0.25% 0.5% 0.75% 1%

Concentration of nitrogen source

Fig. 2. Nitrogen source effect for Leuc. citreum GR1 growth
on CCM medium. The different letters in each graph are signifi-
cantly different at P<0.05 by Duncan's multiple range test.

beef extract®.T} 1.74~2.48), peptoneX.t} 1.19~1.474)
o ¥ AFS B Yeast extractd] HX=7) 0.25%4Y
ul A#57F 6.5x107 CFU/mLE 7H¢ Egkeh. o) 4
Aok vl 847 HAlE 23S Al yeast extract 0.25%
7t 7V A ettt dskith Kim 5(20) fAkte] A
S Aol 93t A3k TA) W3l yeast extract’t 7+
adHolgn R, & AFNAE sdg a9E
g 3l ee(22)< Leuc. mesenteroides
© % peptone, yeast extract,
o} 7ol yeast extractol] A
CaHyY st SUME S
9 E}E'?ﬂ 2 ATl M= 0.25%
ol wet FARHA R v e 4
At Kim(21)2 @AYol
Z+E o ko] A o
s T, F71AAdd
e o], AR,

=
peptone, yeast ex—

i) Fﬁ

oﬁ?/‘é% EO]%

IR R e S %é‘o] 51*:

dasty vAEe] AFel o

(NHy)2S04, (NHpHPO3 59 ¢+
2~

37 ol & ol gt #7144

rﬁ H
ro, o o

tract, meat extract, malt extract & BE nA&Eo| 2t
o] g3t} ST,

7|1€9=0ll 2|t Leuc, citreum GR12| A&t

ol E 30%, maltose 2%, yeast extract 0.25%2]
= .Z:_Zﬂ oA A < 4"41 Aol A3tst SR
e

o1&}ttt &7 F = sodium acetate tri-

1wl =71 A 1129

0X 0.25X 0.5X 1X 1.5X 2X 2.5X 3X
Concentration of nitrogen source

Fig. 3. Effect of salt concentration for Leuc. citreum GR1 on
CCM medium. "The different letters in each graph are signifi-
cantly different at P<0.05 by Duncan's multiple range test.

hydrate, disodium hydrogen phosphate, sodium citrate,
ammonium sulfate, magnesium sulfate, manganese sul-
fate® o]Fo]# o™ 1.0X salt stocks 7|02 %
£ WA dudEs B3 0~3.0x F==2 87 3t
(Table 4)= Aste] A5 Hlwsdth(Fig. 3). A=
0%, 0.25%, 0.5%, 1.0%, 1.5% salt stockll A 1.40%10*
CFU/mL, 2.60x10° CFU/mL, 3.80x10? CFU/mL, 5.97%
10° CFU/mL, 18] 3L 6.51x107 CFU/mLE 71 352 At
FE YEHE 2X salt stock?] 7.49x10° CFU/mLX.t}h
1.26~5.359) @& ASS B, 2.5%, 3% salt stock<]
e 7.39x10° CFU/mL, 7.43%x10° CFU/mLZ #-A}
@t UEhdde wiA @rkE aEsils Al 2% salt
stockE A Aol 714 A Aoz AlsE Tt Kim
5(20)2 A5 Ha A FAAM B2 At Lactobacil-
lus plantarum TJ-LP-0029] 4% 7}¢ & 4&F& F+ ¥
71995 manganese Sulfate ammonium citrate®] $1iL,
s H7F ARG 3 7 Al & S vEhdita
B3}

Z| X3} i X|oM 2] A dS 2 SHEl

HAstg wiA o] 2L w5 FEH 9 30%, maltose
2%, yeast extract 0.25%, 2.0X salt stocko]al o] HiAZ
MFL(medium for lactic acid bacteria)® ™H™3}% ).
MFL #i#] o} duba fabat vi=] <l MRS #i Aol 242t Leuc.
citreum GR1& 2417} &<t v ¥Fato] £33 % (0Dgoo) 2t A

0l

Table 4. Composition and amount of salt used in medium development (g/L)
N fold of salt stock solution (X) 0 0.25 0.5 1.0Y 1.5 2.0 25 3.0
Sodium acetate trihydrate 0 2.5 5 10 15 20 25 30
Disodium hydrogen phosphate 0 1 2 4 6 8 10 12
Sodium citrate 0 1 2 4 6 8 10 12
Ammonium sulfate 0 1 2 4 6 8 10 12
Magnesium sulfate 0 0.05 0.1 0.2 0.3 0.4 0.5 0.6
Manganese sulfate 0 0.025 0.05 0.1 0.15 0.2 0.25 0.3

DComposition of basal stock solution.
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Fig. 4. Comparison of cell growth curves and viable cell counts
between MFL and MRS medium for Leuc. citreum GRI1. (A)
was growth curve of Leuc. citreum GR1 in MRS and MFL me-
dium for 24 hours. (B) was viable cell counts of Leuc. citreum
GR1 in MRS and MFL medium after 24 hours.

58 Z45] A% 54 stk 4530wl

(Fig. 4) MRS #jA]el| A v & 79 2~1241 7744 = MFL

9.0
8.0
7.0
6.0 q
5.0
4.0
3.0
2.0 1
1.0 q

0.0
Width Height

AR F3 ghol o A Uebdth 4~6213 el 7H
T A4S BAa AF V12717 A drtaiiih 12243
of Ad7]ol masto] 2413ke) Sk AR ghe e
WRTk whdel] MEL sixol A mjFed 45 A3 A% 7=
717F AA 10~12213kdel 7H8 & A& 23la 12413
o] F-ol k= A &Aoo w AJAstel MRS iAol Hlsl /7]
EEAgbe] A Yetus Ze fdhdnh 24430 bl

o2

A MRS WA WS wneh 13v) 6 £o FHE A%
£ Wit 223 2~122407 Abole] MRS Aol A o e
EYE e e A @59 Apolet srlnct FPEst
JoA ez AR4E ARAoR Jehid gonE

Fig. 59} 2o w9 77| zbo] & Q3] el A3=E AR
HAh. A5 v s B (Fig. 4) MFL vl x]o] 4] 7.49%
10° CFU/mL& MRS #i#] o] A1 ¢] 3.41x10° CFU/mLX.t}
229 o & AHAE A5t Kim (9] A7
Leuc. citreum®] AW A= glucose 2%, yeast extract
1.25%, KoHPO, 4.26%, sodium acetate 0.6%, ammo-—
nium citrate 0.41%= MRS Hj=]e] 1|3 169%2] B4H3S
B, B Ao s MRS #iA B} 220%2] YA S
Kol olut} A Yyttt Ed Lee(22)XE Leuc.
mesenteroide®] MAE A3l =H wlA] 242 yeast
extract 2.5%, sucrose 1.0%, MnSO, 0.001% = 3} o™,
FH A3} v = AL MRS A 9] 48%=2 W2 A)
A& YERISIT. AASEE AR AR A & o] 85
FE-SEM A (Fig. 5)& & o] Z; wjx|ol| A wjqe wA S
S A G FHESORE A Fele Zoy MFL
Kol A mj kst Hot A A2717F 7FE 0.67 pm, A= 0.48

Fig. 5. FE-SEM photograph of Leuc. citreum GR1 cultured in MRS
and MFL medium for 24 hours. (A) was Leuc. citreum GR1 on
MFL and (B) was Leuc. citreum GR1 on MRS. (C) was average
cell size calculated from triplicate of the FE-SEM.



HulFE FE5ES o| &3 Leuconostoc citreum GR1 F¢ | %&

Table 5. Effect of impeller agitation speed for Leuc. citreum
GR1 fermentation in 5 L-jar fermentor

Culture Cell growth (X 10° CFU/mL)

time (hr) 0 rpm 50 rpm 100 rpm 150 rpm

0 0.06:+0.00°™ 0.05+0.00® 0.05+0.00 0.05+0.00°

4 0.49+0.02°  0.51£0.01° 0.49+0.01° 0.51+0.02°
8 2.76+£0.17°  3.08+0.17* 3.52+0.16° 3.56+0.23°
12 646+0.42°  7.66+0.32° 7.124£0.36° 6.68+0.15°
16 8.06£0.20°  8.60+0.34* 8.56+0.33" 8.49+0.38°

8.15+0.36™ 8.01+0.49°® 8.27+0.42°
7.60£0.46°  7.67+0.46* 7.73+0.40°

20 7.73+0.25%
24 7.25+0.15%

DValue were meansSD.
DThe different letters in each row of cell growth are significantly
different at P<0.05 by Duncan's multiple range test.
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Table 6. Effect of pH control agent in pH-stat controlled 5 L-jar fermentation of Leuc. citreum GRI

Cell growth (x10° CFU/mL)

Culture time

(hr) pH 6.8 pH 6.0 pH 5.5
Ammonia water Sodium hydroxide Ammonia water Sodium hydroxide Ammonia water Sodium hydroxide

0 0.05+0.00°-? 0.05+0.00* 0.05+0.00® 0.05+0.00* 0.07+0.00¢ 0.060.00°
4 0.47+0.11° 0.33+0.04* 0.45+0.11° 0.40+0.04® 0.63+0.04° 0.50+0.03°
8 2.82+0.43° 2.13+0.22° 2.88+0.51% 2.91£0.20" 4.03+0.43¢ 3.31+0.38¢
12 7.86+0.37° 9.29+1.13¢ 9.30+0.86° 9.48+0.69° 6.90+0.06° 8.63+0.58"
16 9.1140.49* 11.12+0.64° 10.67+0.35%4 10.91+0.65% 10.13+0.35° 10.30+0.44"
20 9.16+0.40° 11.42+0.49¢ 10.88+0.49" 11.14+0.86" 10.47+0.64° 10.8340.42%
24 8.73+0.57* 10.7440.73¢ 10.70+£0.41° 10.40+0.52% 9.83+0.12° 10.0040.27%

YValue were means+SD.

IThe different letters in each row of cell growth are significantly different at P<0.05 by Duncan's multiple range test.
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