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Content of Orotic Acid in Raw milk and Reduction of
OA by Lactic Acid Bacteria during Fermentation

Young Min Song, Cherl-Hyun Kim, and Seung-Cun Baick*
Institute of Dairy Food Research, Seoul Dairy Co-op.

Changes in orotic acid (OA) contents of raw milk and during cultivation and storage at refrigerated temperature
were determined. OA contents of raw and 10% reconstituted milk held at 121°C for up to 15 min decreased by
17.6 and 22.4%, and those fermented at 40 and 37°C for 72 hr with Lactobacillus helveticus 166 and Lactobacillus
casei 955 decreased 37.8-43.2 and 41.8-76%, whereas when fermented at 40°C for 72 hr with Streptococcus
thermophilus ST-37, did not decrease significantly compared with fermentation by other lactobacilli. OA content
did not change during storage at refrigeration temperature. OA reduction by Lactobacillus sp. was dramatically
increased at the initiation of stationary phase during fermentation. OA reduction varied among different
lactobacilli. These results show decrease in cultivation time, rapid cooling of yogurt, and proper selection of

Lactobacillus sp. prevent OA content reduction.
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Pyrimidine nucleotide 3§49l F7HAEEZZA live cell®]
oJokBol 7|3t orotic acid(OAYE $-Foll z2AH o2 EAst
o AU 7 BE AN 53 9 T F0AE] deist
T, A A% 5 sk zlo® HaE wk 3lvk2). ©]
#3k 0AE HUYRU ARETE $fo Bo] Ak 22
2 Ueht Fo mE} 0Ael §F zlolvt e Ao® BuH
u} glom(3), Dol wl$- Fdalai@), HAEe] e 3 ¥
o] HAoE F2F FFL vHE AoR BIHL UTHG).
T3 0AE oAt 2SS vl ARH7IE sh=dl, OA
7t Aoz #HwalA wiEEH omithine®]t arginine®] ZH
ZA4e dogle Aog HIAHULKE). £ F(7)2 OA7} rats
o] 74| cholesterol®) @Az Akl AU cholesterol®]
Z718ke S oA AFIARE OAS 194 o} £ g A3
nucleotides}e] H& wjFo) 7R 53 AEhE oM7)
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rat?]e] ThE FAME 0AE 1%4 TR A APTE
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apol7t & ZoE vehth shH fdfol vl ExshE OAS
SArEe] AR R AHgsle] fakrel] od & Al OA7E
S0 E ZHAHE Aoz Bwudy QEdE), H2e AT F
Fe AFEE AW 0Agl FUdH 7lseoly A 7
ol ek BAlL ol YA fakdel 93t 0AL] &4
S Hast 3l7] 98 A7 79 olF XA gk
weld 2 AreE d5d oA g 2 E ¢
2 AR R ol&91 = fakael 9% ' ¥
2 Z A9 WIS 573t HE A 0A9]
1918 Hhobs HESIAF ST

Xz % e

N

Mg o A 2F

Ao AHE AEE AL @52l 9 He 9%
o} BAREE AFEETE kel 2k OA9] o] 84S &
A7) sia AjiZe g ol8ES e Lactobacillus helveticus
16621 3%, Lactobacillus casei 9559 4%& R Streptococcus
thermophilus ST-379) 4%-& Adsle] Afol EAEFE 10%
H7bsled A 23 10% Y -F(reconstituted milk)ellA] 33] A}
wjok 3 ARgSIgon, AR FFE Table 1o Ve uiel ot

Mpr &3
gl | mLe FHsle ERE 085% AEAarel A
o2 A8 th& BCP agarl 1 mL# pouring culture method
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Table 1. List of microorganisms used for test

Strain

Origin

Lactobacillus helveticus KY3
Lactobacillus helveticus 163
Lactobacillus helveticus 166
Lactobacillus casei 911
Lactobacillus casei 923
Lactobacillus casei 955

Rodia, Inc., USA

Lactobacillus casei 01
Streptococcus thermophilus ST-36
Streptococcus thermophilus ST-37

Christian Hansen, Inc., Denmark

Streptococcus thermophilus P

Visby, Inc., Germany

Streptococcus thermophilus ST-99

Rodia, Inc., USA

2 HES F L helveticus 1663+ S. thermophilus ST-37&
40°CollA T2A1ZY, L casei 955 37°ColA 72A17 wioksled
Bt o] Fakg Al$3le] CFU(colony forming unity/mLE
e ATt

pH % HEMT

Hg el pHe Orion 520A pH meter(Orion, USA)E ©]4-5}
o ZFA3U3, HHAEE 716 DMS Tirino 2524 7]
(Metrohm Ltd.,, Switzerland)E ©]-83l4] 9 go] Algof Saeo] =
F4E 713 & 01N NaOH=Z A A3kt

AlEe] @Xz|

Aot 10% FPH2 MFEEPL 85°C T 2}
zb 108, 1A AA EFRon, MLS-3000 43 24hE #7]
(Sanyo Electric Co. Ltd., Japam)& A}&-3le] 121°C, 158-7F
AT

HEARS =X

4o AME-E 0A9] EFA|H+= Sigmark(Sigma Chemical
Co., USANIA 7}l AME-3I9.2m™, z42 50 ppm, 100 ppm,
200ppme] FER RASIY Aoyl WA e B HEIAM
9] 71€7] #& AR BRFEEZE sk90H10,11).

BMARS =X

Exe] g wAE 93 oA Fdsts BEAslr] 99
A Khursheed 5(5)°] W2 4 545t et 7he iy
o AX3IHeH, RE A% HPLCEHS AREsI3Th 5¢
o] AEE centrifuge tubed] W2 ¥ 5% oxalic acid 0.5 mL3}
95% ethanol 10mLE 718t 1087 EF & F 35000xg
oA 1587 94 E2l3thI2-2IME Centrifuge, Beckman,
USA). d4E28 ¥ 4E94S 045um membrane filter(Gelman,
USAYE ARE3le] 43} gk ¥ rotary evaporator(VV2011 Rotary
evaporator, Heidolph, Germany)*|4 A8& F&3luth 39
A&l 32k FRFE H7Met 10mLE Y 83HL 045um
membrane filter® 22} &3} 3k & A|R 10uLE F sk HPLC
of &8ttt

CER
OAx HPLCE ©]&3td EAslglon 278 Table 20 1}
S

Table 2. The HPLC operating conditions for the analysis of OA

Item Condition

Instrument Shimadzu Model LC-6A, Japan

Detector UV-Vis Spectrophotometric detector
Column Aminex HPX-87H, Bio-Rad. USA
Flow rate 0.7 mL/min

Mobile phase  0.009 N sulfuric acid

Oven temp. 22°C
Injectionvol. 10 puL

a2 o

W2 =240 I OAe| wME|

Af F 10% FLRE 7o) 2o @A IHe @ &
sample SmLg F&l] OATHE 24 & ZA3= Table 39 o}
B Blob 2t ARl EASRs 0AL 153(£14) ppmA =
el AU, 0A9] d HAAE &Hs] 918 85°C,
121°Coll M Zzh B3] & % 3Ae 43 85°ColAl 147 A
I Al 14.1(+1.8) ppml 2 HZXEFERCL 78% PiEHon,
Y ARE 121°CA 1587 dAE 3 F 0ATSS =A
g A3t 126(£1.6) ppm2Z 17.6% 74489 10% 394
E A2 F 0ATFE AT A3} 27215 ppmAE ¥
FEo Ao Hfe BIdE 2A0s AT A 85°C
AN FHE Al 257(£1.2) ppmlE 55% FAEAIL, 121°C
NN FAE] Al 211(£1.3) ppmOE 224% 723191tk o]
g Adte 0A7F el dAF e Saidi @) AT B}
FARE ARE v AddFos AEET dE SAEe] 4
@ 20S B9 A7 250 WE FAF W 0A &He =
8] wleF & o= wokEd o, A fgEvlel des 2
ol EAlske OATES Zkzt 88(+19) ppm, 21(+7) ppmA
E2M Ao AFEE FU 979 oATHRT dA] we
20w, Larson(3)2 James 5(12)°] €&} OAFFEL Ex
WA 2pel, 2f & 2 A7l B o2 g%lel JJsiA ek A}
o7 & Ao® WIE vl of AW, Ag FFLY o)
T oel <1l gk BAAdo| Maislojol & Ao AlEE)

Fihoof CHR OAc| w3}
BTEE Az A AAH2E ol&HIT Y FFS A
3t 10% SLFoll 27k #FE 10° CFUMLFR] HEE



88 SN 2385 A) Al 36 E A 1 Z (2004)

Table 3. Changes of OA concentration by heat treatment

Orotic acid (ppm)
Samples - -
No heat 85°C/10 min 85°C/60 min 121°C/15 min
Raw milk 153114 1531+ 1.6 14118 126116
10% Reconstituted milk 27215 262%2.1 257+1.2 21.1+1.3
All values were indicated mean £ SE (n=36).
Table 4. Concentration of OA after inoculated with different microorganisms
Orotic acid (ppm)
Strain i Decreased ratio (%)
Before After
Lactobacillus helveticus KY3 134+1.2 51
Lactobacillus helveticus 163 68+15 75
Lactobacillus helveticus 166 15718 42
Lactobacillus casei 911 20507 25
Lactobacillus casei 923 9.1£16 67
Lactobacillus casei 955 27215 20421 25
Lactobacillus casei 01 155+14 43
Streptococcus thermophilus ST-36 256+23 6
Streptococcus thermophilus ST-37 267+ 1.6 2
Streptococcus thermophilus P 248109 9
Streptococcus thermophilus ST-99 213+14 22
All values were indicated mean + SE (n=33).
LR A nm‘ B w—: C
k [ {‘
orotic acid J o
:i ‘ - oroticacid -
| : ]
] \ ) . orotic acid

——

;
ol e ppe—— w‘l' o e e

|
| ‘
- J J\“J\M_,, "i,wj\#\_f\\v\

H
@ “w w an i ax a* » ¥

e T v T )

- wom " w a0 EL L5

Fig. 1. Changes of OA contents in 10% reconstituted milk medium inoculated with Lactobacillus helveticus 166 at 40°C for 72 hr.
A: Fermentation for 4 hr, B: Fermentation for 24 hr, C: Fermentation for 72 hr.

HZ3 5 40°C, incubatorell HjAEIHEE Fakre] ©E OA9
7aers ZA% A= Table 49 vebd vle} 7ol #EE
o7t 2 Ao UElIth L helvericusse] 45 OAE 42-
75% AE2 713 Bol TAaAZLH, L caseidd] 77 25-
67% AE 72AFe Aoz yehder, 0A2] ZAES strain
of weha 2 xpolE Mol Ut} S. thermophilusse] dFE
OAE 2-22% RAET k2N Aoz Jehged, vd 4%
3 vlEsld 2 o) 0AQ] Aol AR AY @A o
Ebstet.

gE ¥ YIHME F OA9 Hs

4= 0AY] Z4a8o] 7P W2 L helveticus 166, S. ther-
mophilus ST-37 2 L. casei 955 @55 33, 10% L+
ol Oppm, 50ppm % 100ppmTFTLE 0AS H7Het F 4t

o 213 0AS] W3tE HPLCE 2AsI%th wiRl= 85°Ce
A 1087 GAY dien ztzke) #FE 10° CFUMmLTEE]
A2 HE 3 5 AINE fakdSs, pH 2 TA W3k uj
% Z8 5T YA A Fo WskE Ao

L. helveticus 1669 213 0AS] W3l 10% Aol L. hel-
veticus 166 10° CFUMLFECZ HEd 5 40°ColA 724
A EA|EA 0AS] %S £4E 49, Fg 19 W
EPA chromatogramell Al B.5o] 7.6%tler 0A9] w=7} ¥4
HPom HE 2407 A3 FHE 0A9 Hart §43] #Ha
= Aoz Jehgth &4t pH ¥ TA W3S 33T 3
=, Fig. 29 Table 5o viehd uhe} 2ok 7tzhe] Fee
0AZ H7Ial wiRloll L helveticus 166% HE 3 F 2477+ 7
A Wsls 233 43 fiF 7 2.1-2.8(10" CFU/mLE:
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Fig. 2. Changes of OA contents in 10% reconstituted milk
medium inoculated with Lactobacillus helveticus 166 at 40°C for
72 hr.
Cell number: 0 ppm(-IM -), 50 ppm(-4 -), 100 ppm (-@-).
Orotic acid: 0 ppm(-{1-), 50 ppm(->-), 100 ppm (-C-).

AR, pHE 6142, TAE 025-0.7824 HE 3 g9 3
I =2PA T 0AS] ZHAEL 25-16% AR vl 3%
ok Ty, EE 24A7RE T2A1771X) A7 A 7] (stationary
phase)®} AFE7](death phase)E AA& < 0AY] 7Hast Ag
A Z Jepdth 0AF H7FIA &S A 2 5= 240
ZF R Al 21X 10° CFUMLAIA 72417 & A] 3.4(107 CFU
mLE Tk ZAPA T, 0AE 378%0)4 FA3 22sa)
S0ppme] OAE 718t A4 f4bd 75 2407 & A] 28
X10° CFUMLAIA 724172 W& A] 13X10° CFU/mMLEA] A
o] Hsrt gldlou, 0AS 7288 4329040 % 713 =
Al VR R, 100 ppme] OAS H7FsH 72 244)7) i
Al 24X10° CFU/MLAA 727417 & Al 1.3X10° CFU/mLE
Al Ao Zrae el oy, OAE 403%0)4F F43)
Zadte Aoz ekl o231 A Laconi S(1)FH
Femandez 5(9)°] OA7} UJAEE9] A% QAAEA &dlcty
A B vpel fALE A2A 0AY Thgo] BL4E
FRETE 24 el W3 A3 3 0A9] Hale 233
7] 18] &E 2477 3 F<4 W7t sled 10°C incubatorol] 96
AlZRERE AAslEA Aage 249 A pHE 4439, TA
= 075-14717] Wsls BHAAY 0A9 Wil Ao ¢e A
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Fig. 3. Changes of OA contents in 10% reconstituted milk
medium inoculated with Streptococcus thermophilus ST-37 at
40°C for 72 hr.
Cell number: 0 ppm(-M -), 50 ppm(-4 -), 100 ppm (-@-).
Orotic acid: 0 ppm(-[3-), 50 ppm(-<>-), 100 ppm (-O-).

S. thermophilus ST-379 &I OAS] W3k: S thermophilus
ST37€ 10° CFUMLAEC.2 HEE 5 40°CoA 72417 &
BANTTEN 0AY] Zad, F4kF<, pH © TA s 243
A3 Fig. 33 Table 69 vehd ule} 7ith 0AS AH7}ex)
W AT HF F 24N A A SN FE 46X 108 CFU/
mLEXN HuHd o]& H 7247+ A3} Al 7X107 CFU/mLS.
2 o 724390 pHe 6140, TAE 025-1.1174%) #3}
€ BT S. thermophilus ST-379] 93 0A) W3lE 243
A3, HE F 2472 74X 274(£1.7) ppmoll A 21.7(£34)
PPmEE 20.8% ZHASIAR WY, 24X 7HRE] 0A7L AA3] &7}
dld T2AIZ 3 3 34.8(£8.3) ppml A Hx dFET) 27%
AE F7H 2oz Yebdtt 50 ppme] OAS A7K 7249 A
T F 24N A Al $AF FE 1.5X10° CFU/MLEA F
I ol& H 727+ A A 57X10° CFUMLeE 7+28}
fer pHE 6.1-4.1, TAE 0.25-1.11714] @3lS Hols ot
OAE HF ¥ 47 734(x6.4) ppmel Al 65.8(17.2) ppm
202 104% HEFATL, 4A]7F o) FRE) 0A7} Z7Fsted 724]
b 733 Al 71.2(£9.1) ppmeEX HE: OAFE 52 B
§ Ae= vt 100 ppme] OAZ 71 79 24747 A
I F fit = 49X10° CFUMLEA] #ado| o) 5 72
A7 733 Al 68X107 CFUMLLE 72899 pHE 6.1-

Table 5. Changes of OA concentration, pH and TA by inoculated with L. helveticus 166

o Time Concentration of OA (ppm) Changes of pH/ TA

Condition

(hr) 0 ppm 50 ppm 100 ppm 0 ppm 50 ppm 100 ppm

0 274+17 734+64 1194+ 738 6.1/0.25 6.1/0.25 6.1/0.25

4 27.5£20 725+53 1141+ 11.7 5.7/0.29 5.77/0.29 5.770.28

Incubation 8 285+22 702+59 103.8+ 6.1 5.0/046 48/0.57 49/0.51

(40°C) 24 267114 67.6+6.8 1004+ 7.8 45/0.75 42/0.77 43/0.78

48 12.6+0.7 32.7+£3.1 425+ 84 3.6/2.02 357222 357219

72 10.1+0.8 202+27 405+ 93 35/2.18 34/232 35/2.28

24 26.7+26 67.6+5.7 1004+ 74 44/70.76 45/0.75 4.5/0.78

Storage 48 257+14 652147 9921+ 03 39/1.37 3.9/1.38 39/1.26

(10°C) 72 253+32 63.2+49 993%f 79 39/1.38 39/1.36 39/135

96 262+29 61.915.1 982+ 83 39/1.28 39/71.39 39/131

All values were indicated mean * SE (n=90).
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Table 6. Changes of OA concentration, pH and TA by inoculated with S. thermophilus ST-37

Conditi Time Concentration of orotic acid (ppm) Changes of pH/TA
ondition

(hr) 0 ppm 50 ppm 100 ppm 0 ppm 50 ppm 100 ppm
0 274+ 1.7 734+£64 1194+ 78 6.1/0.25 6.1/0.25 6.1/025
4 26.4+4.1 658172 1139+ 5.2 59/025 59/0.25 59/025
Incubation 8 25726 66.3£69 1024+ 4.1 4.8/0.56 49/0.54 49/0.54
40°C) 24 217134 67.3x4.1 98+ 5.7 46/0.72 46/0.70 46/0.70
48 29.3+89 69.8+9.7 1099+114 4.0/1.06 4.1/1.06 4.1/1.08
72 348+83 712%9.1 1142+ 149 4.0/1.11 4.1/1.11 4.1/71.12
24 21.7+34 673+4.1 98+ 5.7 4.6/0.72 4.6/0.70 4.6/0.70
Storage 48 19.2+25 68.2+3.7 96.1+ 8.0 4.4/0.88 447087 447086
(10°C) 72 206+49 67.1£7.7 98.6% 89 4.4/0.89 4.3/0.89 4.4/0.88
96 18.3+3.1 66.5+7.3 94.2 £ 13.1 43/09 4.4/0.88 44/0.89

All values were indicated mean £ SE (n=90).
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Fig. 4. Changes of OA contents in 10% reconstituted milk
medium inoculated with Streptococcus thermophilus ST-37 at
37°C for 72 hr.
Cell number: 0 ppm(-H -), 50 ppm(-4 -), 100 ppm (-@-).
Orotic acid: 0 ppm(-C1-), 50 ppm(-<-), 100 ppm (-O-).

4.1, TAE 025-1.127kK) ¥3l2 Hole 59 OAw HF 5 24
R7F 742) 119.4(+7.8) ppmellA 98(£5.7) ppmeE 17.9%
Et7 24X 7 MM S F7t st w2170 A A
1142(£149)ppmeE X OARH L & A=
ERT) S, thermophilus ST-3790 &8 OAS] #AEe &7
A3 0AY] "7 3ol WE fakdae] Aol A9 gl

B wdl mAEES] A ¢xEAM FALSThE Femandez &
©)9] 47 Rashs 2] 0AY) ZAadge| vidksiAv: tha A
Aebe Ao UehdEd, ol UE A F S. thermophilus
ST379| skim milkE ©]-&3ld OAS A4 & o2 s o]
A5, o]# e A= LEF AR A 0AY HAE H4is): &t
A3 gakg Mol 2ol 23 71EAEER oj8E £
HAog AlgHTh WA AA F 0AY WHskE 4] 9
0E A7 & 545 Wz 3] 10°C incubatorell 964 7HE
ot AArshaA 7HAHL 233 A pHE 4643, TAS 07-
09714 #3E B9AT 0AY W3k= AY ¢l ASE e
pr=g

o o N

L. casei 9559 9J& OA9] W3k L casei 9555 10° CFU/
mLFZEo 2 HES F 3rcolr 7247 HEAT|EA 0A9
Zhagk GakF 4, pH 2 TA H3LE A3 A Fig 4%
Table 79 UERG ule} Zth 0AS H7beA] &L Y HE
32407 AR Al §AMF FE 23X10° CFUMLEA] #H3H
o ol2 ¥ 7217+ A Al 1.4X10° CFUMLSZ 7HA81 o
o pHE 6.1-34, TAE 025228704 WslE Hole $< OA
o] 7hare 24N 7 AT Al 30.7%, 12487 AT Al T6%EA]
0A%) 78] 7P ESkth 50 ppme) OAS #H7bsh 29 &
2 3 N7 A Al SN FE 41X10° CFUMLEA 3
TR olZ ¥ 72417) A} A] 17X 10 CFUMLeE 743

Table 7. Changes of OA concentration, pH and TA by inoculated with L. casei 955

B Time Concentration of orotic acid (ppm) Changes of pH/TA

Condition (hr) 0 50 100 0 50 100
ppm ppm ppm ppm ppm ppm
0 274+ 1.7 734+ 64 1194+ 78 6.1/0.25 6.1/0.25 6.1/0.25
4 26.8+3.7 809+ 94 1115+ 129 5.8/0.26 5.8/0.26 5.77/0.28
Incubation 8 238%5.6 667 95 98+ 10.2 4.8/0.53 4.9/0.56 50/048
(37°C) 24 19+6.2 70.31 16.9 1024+ 162 4.6/0.67 4.6/0.68 4.6/0.71
48 7.7+ 34 46t 79 432+12.0 34/2.17 357220 357217
72 45+23 409t 48 423+72 34/2.28 34/2.30 34/2.31
24 19+6.2 703+ 169 10241162 4.6/0.68 4.6/0.67 4.6/0.71
Storage 48 19.6+9.1 682+ 9.1 997+ 125 40/1.17 40/1.18 40/122
(10°C) 72 193+7.1 69.6+ 85 982+ 78 39/1.25 39/1.25 40/1.25
96 1791 6.7 702+ 9.6 99.8+ 10.6 40/1.18 40/1.19 40/122

All values were indicated mean £ SE (n=90).
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Ao pHE 6.1-34, TAE 0252374 #slE mojx= Zot
OAS] ZAFe HE 3 UANIWA mulsiglont 24X]7k o]
F 0A9] Aol Frlsle] 12A17F AT A) 0AL 41.8%3%
22390 100ppme] OAS H7HE 7% HE & 2447t %]
Al frRE 4 47X10° CFUMLEA #78d) o2 H 72
ARRY 3k Al 28X 10° CFUMLO.Z 722319 0.5 pH= 6.1-
34, TAT 025231744 R¥3lE Hol: £ 0AY] 7rze
HE F 1A 7 14%2A Bl BRT 2447F 0] F OAL)
o] Zrbsle] 72417+ A3t A] OA7} 58.7%74A) 74319
o old A= 0A7) mEY] MAIalE A s Suuki
T(13)°] d7RIe} fAA Uelktth W A4 2 oag
MSHE S5 Y8l wE 24N7F 3 32 W7 g 10°C
incubator®l] 96A17HE<t AAsHA raske Zxe) Z3} pH
= 46-39, TAE 067-1.257}2] 32 2g=9 OA9) Heh=
Aol gl Aoz ek}

2 o

HFE 7154 2eol de B2 48 oad) thsle],
T AN fakpe] ola] HAHE £4E Zo)y] 9 s
HE A B 49e A 989 10% SUSE 1210
olA 1587 IA2E 3 A, OAe BAge 22 17.6%,
24% A=2A WY Gl A Aow UehgT 9
WY F faktel o8 oag) Wsle 9% A L helveticus
1662 L. casei 955% 4427 o] webehs ug 24417
7H] 0A29] 7t wv]EIY o 244]7F o] BEE] T2X 7713
27t 432%, 16%74X OA7} B2 BaadT, s, thermophi-
lus ST378- &E 7227712 0A9] 727} vjojalAL o 3)e
WYske 2o Jehy $ara9] 28 mja} A9 Wsl7)
23S B € F AT WA A F 0ATFS gkt
TRl #AIgle] Wy ¢l
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