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Study on the Production of Organic Acid by Fermentation with
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Abstract

This study was carried out to evaluate the growth characteristics of Lactobacillus acidophilus KCCM 32820
and Propionibacterium freudenreichii KCCM 31227 and the production of propionic and acetic acids in 5%
and 10% whey broth by mixed culture of L. acidophilus KCCM 32820 and P. freudenreichii KCCM 31227.
Exponential phase of L. acidophilus KCCM 32820 was in the range of 6~12 hrs and P. freudenreichii
KCCM 31227 was in the range of 36~108 hrs. In the mixed culture, production of propionic acid was shown
to be greater value in the 10% whey broth than in the 5% whey broth and to be greater value in the low
temperature for a long time than in sterilization by autoclave. Maximum production of propionic acid was
8.88 mg/mL in the 10% whey broth fermented at 120hrs. Production of acetic acid was revealed to be greater
value in the 10% whey broth than in the 5% whey broth. The production quantity ratio of propionic acid
to acetic acid was shown between 2:1~3:1 during the fermentation process.
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Propionic acid= FY2 2 Z n-butane2] A43}2 o propionate, acetate, CO, 2 7]E} A& A}
acetic acidE THE WL} B/d<] propaneo]u} propio-  (Playne 1985). Propionic acid AjAte] AEHOF
naldehyde®] 4¥3}2 | 33}<(Supaporn  Shang-Tian ~ AFE-H 0} 7] AL §3, 22, A&}, xylose(Carron-
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pionic acid WET F& AJAH|, B ALY g
S £, A% propionic acidi} acetic acid
ol 98l As)= HtolHettinga - Reinbold 1972)
S LEE Aakshsr ofgleo] stk

#78& 7142 3} propionic acidE Y4t )
4 FEU A 270 propionibacteria2] 520
Q&L v]Xc}. Thomas S{Thomas ef al. 1986)2
Propionibacterium shermanii=. propionic acid A4k
Al f739] Aol uhe ATE Aeakto] 1L
W71 FRg Adolgn 313, Gordend}
Kalan(Gorden + Kalan 1974)& §3-8& w9t=7]d
@aPd 2Rk o whildo) A ofule IF
o] #2] aldehyde 157} ¥hE-3l] JY &AL
7FX 9} propionibacteria®] Z2o) A& Foin
33t

Propionic acid= 413 o2 FEREA, 35
sgolAl, AzA T o]&3h=ul(Grinstead ef al.
1992) 53], 2] & 2+dol A propionic acidi} 1 ¢
< e HEHE o83 RA-2(Suomalainen -
Mayra-Makinen 1999) o}E-o] ¢falojn| FZol9}
Bacillus 9] F2& AA3}7) wjFolo}h x3
propionibacteria<= 17t} 7373l 213 folic acid
v} HIEF]] Bi;E AAFSLAL bacteriocins 2 propio-
nicin PLG-1, jensesiin G& A4tshy, AZ 223
Ql trehalose 52 AyAFgcH(Jeroen et al. 2002).
Tsutomu F(Tsutomu ez al. 1994)& propionibac-
teria7} ZhJ 2] bifidobacteria®] =21 &3t}
1L 31932, Hiroharu S(Hiroharu et al 1997)&-
Propionibacterium freudenreichii7} JAV3F B2 =
bifidobacteria 52 Z31AE #2]3}Ac). Ara(Ara
2003)= propionic acid7} Aol L] F<
30511, 85 ZYH2HE B5E A2
Tk o}, propionibacteriay> AL AL F
YD So) girka sisick
B AFAME L acidophilus KCCM 328203}
P. freudenreichii KCCM 312279] AAIZHL
AL, AN2ZAZA BAHEZ HAEE f3E 7
22 st S 718d s ALNTE ¥ L acid-
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ophilus KCCM 328203} P. freudenreichii KCCM
312272 E§haikr] AAIE propionic acid$} ace-
tic acid ¢S FHFFo 2N vAE PYPoz A
AE F715H8 A H R o] 8317 Y8 7)2A)
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4 $E58 vAEE A0 YEREAE
ol Al Bokute Lactobacillus acidophilus KCCM
328203} Propionibacterium freudenreichii KCCM
312275 AR83}Q9 AL L. acidophilus KCCM 32820
o] Atlujkg HAE lactobacilli MRS 1]
(Difco Co)E A&l o, F4 &AL lacto-
bacilli MRS w|X]o]] agarE H7}3}e] A}8-31Y
t}. P. freudenreichii KCCM 31227<¢] A tiul %
4 ¥ x]= RCM(reinforced clostridial medium,
Oxoid CM 149)2 A-8319 3 ¥ 23 & RCM
o agarg A7}3te] ARE-3H%ATH

2) & HiX| M=

A2E Az 4L FAES BRUx2 g
< dry sweet -8-3(Calpro Co., Ltd., USA)S 5%
9} 10% T2 Azt 19157] BH(121C
A 158) 2 ALAHE5TOA 308) 3 R4k
38 74 AR A&t

2. Alaghy
1) L acidophius KCCM 328202} P
freudenreichic  KCCM  312279] starter

culture A=

Lactobacilli MRS HJ#] 55 ¢& ZF45 1,000 mL
o] 1037} £813+ 3 cap tube 107]¢)] Z}z} 10 mL
A Btk 252 ujA 500 mLE 4H2HE e}
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2519 )AL agar 7.5 g& H7sle] WA Th
Ztzel wiA1E 121C9 }E7] Dt 7)olA 15
A0 & Y4A1A 2 mLE damQERE
A A B B8 L. acidophilus KCCM 32820
Ftoll Bol 4% & 1 mLY #3}o] cap tube
20 HEslS L acidophilus KCCM 32820 star-
ter culture® A 23ttt 35T 2] Q157w o] Eiol| A
16417 v Fatad #47) 1~2x107 cfivmL HE=
AL, AN ES 28] o 3t BAo] 23 o
AP A3 22 HPEoE RCM 40 g
F3ted FF75 1,000 mLojl 10827+ &3 3 4+
T3l wh= vRAE P, freudenreichii KCCM 31227
9] starter cultureE A)23}A}.

ol

tlo o

2) L acidophius KCCM 328209 A

BN

Lactobacilli MRS ] x]¢] pHE 7.00.2 ZH35}
& 73 500 mLo)| L. acidophilus KCCM 32820
< 1% FHF3t 35T AFulolelollA] wjeksia
Al 3A1ZE @92 36A]17F7HA] OD(optical density)
3ol Wate Zgsted 4434L FIYT. OD
<+ Spectrophotometer(8452A Diode Array Spectro-
photometer. Hewlett Packard Co., Ltd., USA)Z
660 nmol | Z43}Yck.

3 P freudenreichi KCCM  312279]
ME=EM

RCMe] pHE 7.02.8 ZH3t] d#3 500 mL
ol P. freudenreichii KCCM 312278 1% HZ 3.
35T AsHlolEldlA 120A17F wiF3HAAM 124]
7t S92 ODEE A3t AL 739
o1 L. acidophilus KCCM 32820 ZA 3} %8}
W s Z4s3ch

8 Sl R B

5%} 10% 53 WMAE 5 N NaOHZ pHE 6.5
2 288l IYEIIEE 9 ALYT F L aid
ophilus KCCM 328203} P. freudenreichii KCCM

31227% 242} 1% HFsted 35T 9] Al olEdl]
A WFSIIT 120417 WA 12413t T
2 5 N NaOHZ pHEZ 6.58 24391, pH 23
7 AAHE propionic acid?} acetic acid® HPLC
(LC1100 Series, Hewlett Packard Co., Ltd., USA)
2 Z243A) AFH3 AFRE 12,000 rpme] LA
2] 7)(Supra21K, Hanil Co., Korea)ol|x] Q415
2] & AHSNS Z3}ed millipore membrane fil-
ter(pore size 0.45 m)E 3}sle] B0 Alg-5
e} £49-2 Aminex HPX-87H ion exclusion type
(L300 mmx7.8 mm, USA)2] columng- A}2-3}%]
o o] 5 d2 35T 5 mM HS0s S48 0.6
mL/min®] &2 EA] 215 nmo)lX ADC(RI
Detector)Z 423} t}. Propionic acid 2 acetic
acid EF-8N-L Z47+8 1 mL F3s}e] 100 mL
H2Z&etATd Y1 FFHTE Yol 100 mLE
3t & magnetic stirrer=. 1087} 8321732 0.45
(m membrane WE|E o3}sta] A z3}¢ct

m Zzn g pEt

1. L acidophilus KCCM 328209]
2

Lactobacilli MRS Hj=} 500 mLol| L. acidophilus
KCCM 328202 1% ZE3}e] 35T <lviole] o
A1 vl FBIAA 3AIZE E9IE 36A17H74A] OD 3
o] ¥ists ZA% Av= Fig 13 2t

# 0% F ODGe 01501905 Mo} 6217H]
0.322. o] A|7tehel) 9] 7P @Rkl L acid-
ophilus KCCM 328209 F 57|12 Ve, 64
2 Aol 340] 373] B71a00 W 184
Zroll 3.2, vl SF 21417t 35602 Hdghs e}
W o] ARkt tig7 |2 vtk vl 21412
& RPez Fovh Pl 2143 o7} 4
A7} R HF719E 2o F31t}. Lan-Szu9} Bart
(Lan-Szu - Bart 1999)= AFg2] #ol| A E2] 3 L
acidophilus ATCC 332002 pH 6.82] lactobacilli
MRS WjAJol4 WeRA] th717 4~8A1gkolehar

M
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<Fig. 1> Growth curve of L. acidophilus KCCM
32820 in lactobacilli MRS broth.

8t ARG 7] Al7boll o) Lee S(Lee ef al,
1984)0] RN F-7-2 vl E 3t L acidophilus
£ 37TolA 24X v g3AE wol dh7)7h
12Aolek @ Azhe FARE ARS e
Shang-Tian®} Yan (Shang-Tian - Yan 1995)-& 7.9%
whey lactose -8-942] pHE 7.00.8 A5} 32T
ol 31 338)3 L. acidophilusE recycle 3)5-2]0.
Z 180217t viY3tSlS o OD ke uid 50417}
o 422 ol ), B AYdaE vk
2147kl 3.562 el ol9] AR thh v
< e R U

2. P freudenreichi KCCM  312279]
=

FOA
S=

0x

P

RCM 500 mLo|| P. freudenreichii KCCM 31227
< 1% AHFsto] 35T AFulolHAA 12041
HjoFala A 124]7F 92 OD3LE 243 A
£ Fig. 29} o). # A2 3 ODZHL 0.120]Q3
HiF 364130l 0382 o] Ajzlthel] FAe] &7}
7} &xkste] P. freudenreichii KCCM 312279) &
E712 Yk, 3643 AIE S F4
8] F7¥eted ik 72412k 2.8, HiF 108X 7k
3.642 HUgS veh of A7 b2 b
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<Fig. 2> Growth curve of P. freudenreichii KCCM
31227 in RC medium.

B 108478 BHOR 47t Baak
t}. Vaughan(Vaughan 1988)-2 lactate Hlj=]ol| P.
Jreudenreichii subsp. shermaniis %3}l 30T
oA eS| 600 nmoll A 543 OD e
e 172174l 0.3, 47A]17b0]) 1.30]8} 3+ Aew
the B2 ODZEE vERi o, Min(Min 1992)¢]
10% skim milk wheyol] P. freudenreichiid 3%
Blod 30ClA widgt ¥ 660 nmoj|A] OD ks
2% A3} 24471l 0.15, 364710 0.40, 484
2] 0.5, 7241719] 0.800]2a § Azuct &
A A el OD Zko] &o} skim milk wheyX th=
RCMOIM & Rehe 202 Uehsith Ee Inn
S(Inn et al. 1974)L glucose 0.41 g/ vijx]e] %
7] pHE 6.52 3t P. shermaniid HZE3 T 2
7CoNA wlkgt g 1447k # 57} 10°
cfmLol| =&3ictar 3¢l

3. 5% 7& HiX|OIM F7[&H MY

5% 74 BiA)E 5 N NaOH=Z pHE 6.5 X3
o] ST B D A4 & L acidophilus
KCCM 328203} P. freudenreichii KCCM 31227&
Z}zk 1% &8t 35T QAFulolegoA £
v ekshHA] 124]7F T & propionic acid E acetic
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<Fig. 3> Production of propionic and acetic acid in
5% whey broth cultured by L. acidophilus KCCM
32820 and P. freudenreichii KCCM 31227.

B : propionic acid of the whey broth pasteurized for
30 min at 60C, [] : propionic acid of the whey broth
sterilized for 15 min at 121°C, @ : acetic acid of the
whey broth pasteurized for 30 min at 60C, O : acetic
acid of the whey broth sterilized for 15 min at 121°C.

acid BdFE 2793 Av= Fig. 31 2} Pro-
pionic acid 7 TE71HHFEHAE A Wl
& 2421710l 0.24 mg/mL, ¥i%F 72A]710)] 4 mg/mL,
HSF 120A)7k0)) 5.4 mgmLE eI, A&k
3RS 7% vl 24A)17k0] 0.28 mg/mL, B 72
A7t 4.6 mg/mL, Bj<F 1204]7ko)) 6.8 mg/mLE
ey 157183t} A 240 propionic acid
Ao EAAYE B FUk ALLTE AL,
propionic acid A #-&- 36X 7HEE] 120A)177}A)
TS S718FE VERATh Acetic acid 343
2 Aol #AIgle] fAKRE A S B
At} Gorden?} Kalan(Gorden - Kalan 1974)&
A4S AWS7IEESIE Bnkgo] Yoyt o
A9l A olnie 280 lactoses] aldehyde 1
7} REg8l] I £4E 7pA L7 wjFo njAg
A AshE Fohal sk9lch EL-Hagarawy
EL-Hagarawy et al. 1956)- lactose} glucose
7R 31 1059 P. shermaniiS 9Q7} vk

Mo gy £ do N

i o

3} ] propionic acid$} acetic acide] A8 &-& 2

;1 Axkn st

4. 10% 7& HiX|o|M F7|&F 44

10% -2 ¥iA1Z 5 N NaOHZ pHE 658 238
slod udEET 9@ ALag & L acidophilus
KCCM 328203} P. freudenreichii KCCM 31227-&
747} 1% A&t 35T AFulo]ejol A uljf
BPEA 12417 @9 & propionic acid 2 acetic
acid %8 =43 A= Fig. 49} 22t} Pro-
pionic acid A4FS 1AF7|BH3AE A5
ik 24A)71o]] 0.56 mg/mL, vlSF 72X)7k) 4.68
mg/mL, Bj<F 120A)740]] 6.74 mg/mLE Yehd T,
A2 RS 749 g 244171 0.68 me/mL,
i 72A]7bo)) 5.8 mg/mL, ek 120A4]7ko)] 7.88
mg/mLE YER) 10% 3 wixX T 1957
HHH o x-224Hto] propionic acid JAJol| &7}
HYS Bof FUk g MAIAE At

Propionic and acetic acid(mg/mL)
o~
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<Fig. 4> Production of propionic and acetic acid in
10% whey broth cultured by L. acidophilus KCCM
32820 and P. freudenreichii KCCM 31227.

M : propionic acid of the whey broth pasteurized for

0 12 24

30 min at 60°C, [] : propionic acid of the whey broth
sterilized for 15 min at 1217, @ : acetic acid of the
whey broth pasteurized for 30 min at 60C, O : acetic
acid of the whey broth sterilized for 15 min at 1217T.
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o] IPF7IEH R} k7t B propionic acidE
B oLt 84417 o] FRE] 12041774A) AJzH
of Al we} Aatke] Az} v FAzch
Acetic acid= A 24htro] n¢E7|dHFRT} A7k
o] Aol wet @e g9 A4S vehyh
Thomas -5(Thomas et al. 1986)& P. shermanii
2 propionic acidE AJ4AFsH=d] WX 34 ==
& F7MA 271873 7S propionic acid
o] Aito] ZHaH o) ALt ge A9l
= ZABEA] BT, yeast extract FEE 5 g/Loj
A 10 gLZ F7HN7IE g7 1ddol ] A
7} Atk 3k Lactosers ILQF=7]d w0l
93] lactulose(4-(O- 5 -D)-galacto-pyranosyl-D-fruc-
tofuranose) 2 & o] m|AYE-o] W FA)F)A] £3
T}l Thayanithy 5(Thayanithy et al. 1982)& X
328}tk $HH, Shang-Tian®} Yan(Shang-Tian -
Yan 1995)2 lactoseE 7| &2 3} propionic acid
£ 409 v 3 pHE 6501} olnt e pH
AME LESET F80] ¥k, yeast extractt}
trypticase & H7}3lH HE &} F80] F)3ch

3 sk
V. 2 o

L. acidophilus KCCM 328203} P. freudenreichii
KCCM 312279] A4 9 5%2 10% -3 vl
A 1UF7ET D AL L acidophilus
KCCM 328203} P. freudenreichii KCCM 31227&
S3lFA] A== propionic acid$} acetic acid
¢S SASAY. L acidophilus KCCM 328202
571 6~21A1ZY, P. freudenreichii KCCM 31227
9] 57| 36~108A12 22 Vel E§)
%Al propionic acid®] A HE 5% -4 wjA) R
the 10% 3 iR, 2d3E7] A7 Rchs
Aol X B %ol A=A Propionic
acid®] Ho] YL 10% 73 Wi ALt
3192 o) Wik 120A1719) 7.88 me/mLo) T} Acetic
acid®. 5%RE 10% 3 wizloA Z& A

G R 1 AT WopIzlo] Akl
w2} propionic acid A Eke] 2 ;|
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