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Effects of Extracts of Codonopsis lanceolata on Macrophage Activity and
on the Growth of Lactic Starter Culture during Fermentation

Sang-Dong Lim*, Kee-Sung Kim, and Jung-Ryong Do

Korea Food Research Institute

Abstract

We examined the macrophage activity of Codonopsis lanceolata and its effect on the growth of lactic starter
culture when it was added to fermented milk. Nitric oxide(NO) and intedeukin-1a(IL-1a) were increased
significanty(p<0.05) by addition of Codonopsis lanceolata water extract at 1,000 zg/mL. Tumer necrosis factor- @
(TNF- ) was increased significanly (p<0.05) by addition of Codonopsis lanceolata water extract or 70% ethanol
extract at 1,000 pg/ml. Water extract of Codonopsis lanceolata showed higher macrophage activity than 70%
ethanol extract. Growth of lactic starter culture was inhibited by the increased addition of Codonopsis lanceolata
water extract, resulting in less decrease in pH. A stimed type or drink type fermentation process seemed more
suitable than a set type in proper production of Codonopsis lanceolata extract added fermented milk.
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B9 (Codonopsis lanceolata Bentham et Hooker)& % 2}A)
3K Companulaceae)?l| £3h= thaAl 2B o 8 It 2
A £xstn glon, ehidAs 28, A, &=, 4,
HAZ#, A A=AL T TV} oA d2He A4t
olgt st A4t o2 de] AlgEo] glon, ZEZ £
U Qe Al goa2w de o] &5o] giri(Jang, 2001). I
9] HE-Oo 2+ sterol, triterpenoid(Han et al., 1976; Yang et
al., 1975), cycloar[enol(Chuhg and Im, 1976), N-formylharman,
1- carbomethoxy- 3 -carboline, perlolynine, notharman(Chang et
al., 1986) 5o} 01, LA A E 0 B rrans-2-hexenal,

cis-3-hexen-1-ol, trans-2-hexen-1-ol, hexanol, 1-octen-3-ol &
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amyl propionateE W} &3 thre] o A8 3EE S| gt
(Kim et. al, 1992). 7153 &EH}2E A 2| 7Ha(Park
et al., 1989), ¥+k3l & ¥HHan and Cho, 1997; Lee and Kim,
1993; Maeng and Park, 1991) 9! F4X| A3} Zg 2HE =
A& AAStE ANHan et af, 1998) 52| 2] 2Hgo] Y&
Aoz HuEo] Stk Suh(1996)F HE & F&Eo| WY
Aol mlX]E Fgkel] #HE AFRINA nld-ro] ATLE
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dobacterium longum, Streptococcus thermophilus@ T3¢
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cillus acidophilus, Bifidobacterium longum, Streptococcus
thermophilus2 7% Z3+#, Groupe Rhone-poulence,
USA)$} ABT-L 9 ABT-C £ ARRE T aF<d
Lactobacillus acidophilus, Bifidobacterium longum, Strep-
tococcus thermophilus 5 552 B4 7AZE dFE AHES
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M|ZE HiQf
A E HigA] ALEEH BlA]= DMEM(Dulbecco's modified
Eagle's medium, with or without phenol red, Gibco)S A}&-5}
stk vl Se23, ¥l9), microplate (96-well) 52 =H7H
AFES o83 em, Wi 5 22 71752 autoclave
oAl 1217T, 15 IbellA] 15%3F 7ish At § ARE3Ath
Els

iR & 3%} ZH/52 2818k - sterilized filter(0.22 #m pore
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size)E o B}t HAGF 3 10% heat inactivated fetal bo-
vine serum(Sigma, USA)3} 1% streptomycin-penicilline= %
7rete] ol gatslom, A2 A & A wjFA] 37CE 4]
SPHA ALgstsith

A Ee wit Zg23 vl=to) confluentdlA] AF5hS o F
2 AES el ol §aksich DMEMe] B vje} &
ghxdo] MEE 742t 37T, 5% COE RAIHEA CO;
incubatorol] 4] B 23} T}, Anchorage-dependent3t A 1= uj
FEAIA w7l sl wiRE A AF ThE Trysin-
EDTA(0.05% trypsin, 0.53mM EDTA - 4Na)& 7|3l 37C
oA 5EZE At wold MEE £2]3 F, 1,000 rpm
oA SEIF YA RS v A NS AAG T T wiAE
gol AR A& 33 RHESIN o2 A Aozl
AZE wjAol] FAAT T IS AZFE BT AR
BT M EE freezingd WA B 1] A LT
BHsRa AR A4 e Eeted 5] AlThuiek & vk A
Aol AH&3ISAT

NO Ed|& ,

96-well platesl] A] 2 20 #L 2 RAW264.7(2x10%/well) 100
pLE Y31 484)7F <t CO; incubatorel|l A 37CE X 5HH
A vjoraldth wlgkd 2] NO %= microplate assay S
o] &3] Stk WA 48417t St iR T A
504L aliquots® Z3l] 2 889 Griess Al (1%
sulfanilamide/0.1% naphthylethylene diamine dihydrochloride in
2.5% H:POs)E W31 Aol 1087 ¥Hg-AIZT) o] o] ELISA
reader(Molecular Device, USA)Z 540 nmof A 2] EF5E &4
3l9th NO9 EFEZ 2% sodium nitrite S ARE-8}5Th

IL-1e 9| 2|

RAW264.7(2x10%/well) 100 2L} A8 204LE 96-well
plateo]] 2o 37T, 5%2] CO; incubatorol| A 48A)7F E<t Hj
k5l B Al g A YA A E7F BH] 3= Interleukin-1 @
(IL-1 @ )< enzyme-linked immuno-sorbent assay(ELISA)Z ©]
goted 25a9c %, anti-mll-1e o) 28 FA7} 28
H microtiter plate(Mouse IL-1a@ ELISA, Pierce Endogen,
USA)ell &4} H]5o]A<Ql vhg-& HAsly] $135te] bloc-
king Al2H3% BSAEd, w/iv) 713 TS Tween 200]
0.05%(v/v) -5 0.01M PBS(PBST, pH 7.4) 42 & g+=ql
o 2 33 Al st A& 3 plated)] biotinylated anti-mil-1
e FAE S50l D31, T -1 & djdst Al g9
50 LA welloll =3}, 25Tl A 24)7F viFaldch. wjak
% plate 4|2 & 9Eo2 T 33) e}, 15pgml
F59] streptavidin-conjugated horse reddish peroxidase 100
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pLA 7 TR 25TolA 302 A7l & AlH 8- ghsdlo
& 33] Al¥sisitt. o7]o A 71d 8o8(3,3’, 5,5 -tetrame-
thyl benzidine)2 100 zL H7}3ke] 25Tl 4] 3057 wka) ut
2% A7l & 10N sulfuric acidE 100 414 718 9h2-g 3
A A1 Z ). o] ZA-S ELISA reader(Molecular device, USA)E
450nmol| A FBEE S48t A BEFAAA IL-1a

s
e Attt

TNF-¢ 2| EH|=

Microtiter plate(Mouse TNF-e ELISA, Pierce Endogen,
USA)d| #Z TNF-¢ T wjokst Aj59d 2 biotinylated
anti-mTNF2 50 LA wellol] F438}aL 25Tl A 2A) 7 vk
SIATE BiFEt plates A48 AFN 0T ThA] 53] A8}
3L HRP-conjugated anti-mTNFZ 100 L& 2o 25Cd)A] 30
B g ohs AR Ao 53] AFstt o7
713(3,3°, 5,5 -tetramethyl benzidine)-& 100 L A7}8le] 25C
ol A 308zF LAUES-S A]7) & 10N sulfuric acidE 100
pLA 718} Wke-& Az A)7] th-& ELISA reader® 450 nmol|
N EBEE 28 YT FEZHN TNF-a §HE
AXFerT.
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ClE& ofedr]of] 105 v &2 ¥Wi 100CoA 25417 &
&t 7ME FEAA €L A8 AHA R AFsta MFFEFT]
ol TFAIZ vhF T2 XA TE MRS wjA]d v &
AL 71F0Z 0%, 0.1%, 0.5%. 1.0%, 2% oz Hrt
sf] BiFet U Y& ALk 55E 3|4t 247 uiA]

i

o 10* CFUML SA AFskgich 37°ColA 347 14 2
HjFetaA 0.DgH(620 nm)3} pHE =33ttt v OD
L Z=F5E 4v) 348k spectrophotometer(CEC/L, CE
4004, England)2 Z33}5 2™, pHE pH meter (Corning
model 440, USA)Z =% 3151t}
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A8 1 g& FEALE Ao 99 mL HE ol ¥
©] 7% &<k 30 cm FHA 0.2 253 AlA| BB & F Ay
o2 3]A&}1 BCP(Bromocresol purple) #2748 njjR] o]
SN B o] 35TAM 48X7 WS TFE BAIG Al
o M=te RuEe) Ao AZadr

NE Fo T vis)

65CE 7Feat A8 96.15%] SR E-H 3.85%F H7}s
a1 gHd3] F91 & 90Tl A 3087 Atela, 40CE W
A7l TS ABT-CE 0.2%(w/w)& Z8hH, pH 4.37FA] vl oFat
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Stk o71e] vy FEAE 10%((wiw) 7Pl S/2aF
g Az ohg 5T 10TAA 18U3F AF3A St

EARAL. SAS program(1996)2] GLM(General Linear
Model) ProcedureE Fatd wAsisia, Ael4zke] izt
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WA 2 32| = ThlA| 2 A] A4 &= interferon- y o <] &k
273}t interferon-y of] oJ8) &AJ3hd w2 X7} AT
& w2t AAE INF-eo oA mlta2az] U
inducible NO synthase(iNOS)Z &4 3}5}4) ®th INOSE L-
arginine®] guanidine nitrogen@ AtAE Zdlslo] NOE A4t
3, NOE Mt SUALE Asflshs 7]15°] stk o]#
& ARE Bl At viRERA ] M YitEe
NO=+= nitrogen oxide& 4F3}¥ a1, ThA| nitrite @} nitrate 2 T
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Table 1. Soluble solid and yield of water extract of Codo-
nopsis lanceolatae by extraction time

Extraction time 1 hr 2 hr 3 hr
Soluble solid 6 Brix 9 Brix 9 Brix
Yield — - 13.67%
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Table 2. Macrophage activity of extracts of Codonopsis lanceolatae with hot water or 70% ethanol

Solvent Concentration IL-1a NO TNF-a
(#gmL) (pg/mL) (uM/2x10°cell) (pg/mL)
0 NDV 12.58+3.72° 32.4243.75°
1 ND ND ND
10 ND ND ND
‘Water .
100 27.9343.79% 16.33+1.68° ND
1000 33.22+1.83" 56.76+19.51° >2,450°
1 ND 21.2044.44° ND
20% 10 ND 25214£3.57™ 289.23+13.79°
ethanol 100 ND 29.3240.12% 355.77+11.81°
1000 16.30+1.08° 38.86+2.74° >2.450°

" N.D : Not detected.
) Values are meantS.D., n=3.

"¢ . Means with different superscript in the same column are significantly different (p<0.05).

IL-1e2) BH|S

[L-lee F2 rZ29A A BAks= cytokine 0. 24
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Tumor necrosis factor(TNF-¢ 2 §)&= A= 9 of Zo9] 2
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THUrban et. al, 1986). In vitro Z718l A HY F&52| o
AAE G4 8o #3 AJE A= Table 29} ).
tZ7e] TNE-¢ R 3242 pg/mLolQlont &4 tY
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Streptococcus thermophiius Lactobaciiius acidophilius
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Fig. 1. Effect of water extract of Codonopsis lanceolata on the growth of lactic acid bacteria in MRS broth.
-@®-; 0%, -O-; 0.5%, -A-1.0%, -A-; 2.0% Codonopsis lanceolata.
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Table 3. Changes in pH of MRS broth containing of water extract of Codonopsis lanceolata during lactic fermentation

Codonopsis Fermentation time (hours)
Strains lanceolata
extract(%) 0 3 6 9 12 15 24
pH
0 6.41 6.37 6.27 5.23 479 4.63 437
Streptococcus 05 6.42 6.35 6.34 5.95 542 499 461
thermophilus
1.0 6.28 6.23 6.23 6.20 5.64 5.10 4.63
2.0 6.03 5.97 5.97 5.96 5.92 5.88 5.30
0 6.41 6.39 6.39 6.33 5.74 4.66 3.93
Lactobacillus 0.5 6.38 6.35 6.35 6.32 6.28 6.09 421
acidophilus 1.0 6.23 6.22 6.21 6.21 6.16 6.02 425
2.0 5.99 5.99 5.98 5.97 5.95 5.80 429
0 6.39 6.37 6.36 6.33 6.29 6.20 4.70
Bifidobacterium 0.5 6.30 6.28 6.28 628 6.28 6.28 5.09
longum 1.0 6.22 6.21 6.20 6.20 6.19 6.19 5.69
2.0 5.97 5.97 5.97 5.96 5.96 5.95 5.68
0 6.41 6.39 6.37 5.54 4.86 4.56 3.99
1 0.5 6.36 6.34 6.33 6.33 551 5.03 429
ABT-L"
1.0 6.23 6.20 6.20 6.18 5.82 5.17 431
20 5.99 5.96 5.96 5.96 5.93 5.86 430
0 6.39 6.37 6.34 5.64 5.03 4.66 4.00
0.5 6.34 6.34 6.33 6.31 5.83 523 431
ABT-C?
1.0 6.21 6.20 6.18 6.18 5.96 534 436
2.0 5.97 597 5.96 5.96 5.95 5.87 436

ABT-L" : Commercial mixed culture composed of Lactobacillus acidophilus, Bifidobacterium longum, Streptococcus thermophilus (Groupe
Rhone-poulence)

ABT-C? : Commercial mixed culture composed of Lactobacillus acidophilus, Bifidobacterium longum, Streptococcus thermophilus (Groupe
Rhone-poulence)
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o} 0.5% XM & g7 AAloll FS A= AeF Yeikrh SRl Y 257 oS 9ERE g ¥ v A
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@, ABT-CE 6717t o] 524 ABT-C7t & AA&57 w2 wo
Ao 2 vephgtth v vy AelFellA= ABT-Lo] 2k ZAk
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olgid Aate vy o] SIS ikt Aol HY F&E= VI 22w M & Hin s

=3}l H419) Stirred type©]v} Drink type© & #o}
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Table 4. Counts of lactic acid bacteria of ABT-C culture in fermented milk containing water extract of Codonopsis lanceolata

during storage
Storage period ) 4 days 6 days 10 days 14 da 18 da

Storage temp. 4 o4 Y Y ¥s ys
5C 15 % 10° 15 % 100 1.0 x 10° 9.8 x 10° 8.6 x 10° 1.1 x 10°

Control
10T 1.1 x 10° 1.7 x 10° 1.8 x 10° 8.0 x 108 8.8 x 10 25 x 10°
Codonopsis 5C 1.1 x 10° 1.1 % 10° 1.1 x 10° 13 % 10° 1.0 x 10° 11 x 10°
lanceolata 10T 9.5 x 10° 23 % 10° 23 x 10° 94 x 10° 6.8 x 10° 1.4 x 10°

0 day : Control, 1.7 x 10°cfw/mL ; Codonopsis lanceolata, 1.5 % 10° cfmL.

Afrell @A E/E H7HeE dE o ABT-C E32ElE]
A7rste] Biofo] g5E & Uy F29& Hrleta UE
& ARFoE2A ek o] 2aldl ol Rakge] A
w2 Gl wiAE el A% T 2Alol o sk Fakd
o] A& wX= FES 5T 10T B2 24 L4772
2T} Bt A= vhe Table 494 2t

Fo| AFE BH 18U7F ST E B 7bto] 8.6 x 10°
CFUMmL °o|%, O¥ ZZE #Hr}Eo] 1.0 x 10° CFU/mL o]
2ol , 10CAE Fdrhato] 8.0 x 10° CFU/ML o)A},
d7}0] 6.8 x 10° CFU/ML o] o.g Jeh} 7}
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