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Abstract

Various carbohydrates (lactose, glucose, and fructose), lactic acid, uric acid, and acetoin were separated on a ZORBAX
Carbohydrate Analysis column using the Agilent 1200 HPLC ChemStation™, and were identified according to retention
times with 325 Dual Wavelength UV-Vis Detector and Refractive Index Detector with 0.013 N H,SO, at a flow rate of
0.8 mL/min. In addition, the lactase activity of four commercial probiotic lactic acid bacteria during 6-hour incubation was
determined using a high-performance liquid chromatography (HPLC) method. Among the tested samples, Bifidobacterium
animalis subsp. lactis showed the greatest lactase activity, followed by Lactobacillus rhamnosus and Lactobacillus casei,
with Streptococcus salivarius subsp. thermophilus showing the lowest activity. Therefore, this HPLC technique shows
potential for evaluating the fermentation processes of probiotic lactic acid bacteria and could simultaneously confirm the
degree of ripening in various fermented dairy foods within only a half hour.
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03 42 A UthLues and Botha, 1998; Zeppa et al., 2001).
A FAIFOZHE T8 F7]4FS 2 = acetic, butyric, citric,
formic, hippuric, lactic, orotic, propionic, pyruvic % uric acid
o] Jor, e&slEo| = lactose, glucose, galactose, fructose
ol Atk wEbA FAFS XS s B FORR
H f712b g grstes a4 0= £8sh] SlaiAe b
g HPLC o] 2] AFEH I e Ao] 3
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(Zeppa et al., 2001). 53],
83 @Alo]7] o)t B3 theket Yy BERAEFY
Al gl g o] Wste g E FEE & e thde HPLC
HE g A7 ok Aotk ustd the o

T7F @A g Eojof str] wolth
ArH o 7 QA Fols F+ oy A MAESC]
ok AR L mAAEEY olg7ts
d T AT, obA7EA] B A A] = A
T o] =383 Jth(Yoon et al., 2000; Yonejima et al.,
2015). HE7F QI7Ee] Aol M A5 WAsto] 17ke] A7
Frol frols FAW ME T oy AAlEEe] EA S
£-3], probiotic lactic acid
bacteriaQl Lactobacillus acidophilus, L. bulgaricus, L. casei, L.
helveticus, L. lactis, L. salivarius, L. plantarum, Str. salivarius
sub-sp. thermophilus, Bifidobacterium longum, Bifidobacterim
infantis, Bifidobacterium bifidum 5 3559 A5 vA
= AHAE F3 WO R o]&7] Wil o2 74A
oA Q17ke] 7ol F3 HES T AHEH
A AFHME 2 Gy TERAF FFHoE g o]
L5 3 9 tH(Yoon et al., 2000; Side et al., 2016). B 1}o}7t
A old fodk HE 7k shue Q1Y A 7

(lactose)S 7FE3ll 31 A glucoseSt galactoseZ A EA| 7] =

lactaseE AU = A o] Fabte] 83 982 44 3l
th dvksld A AA 2] 70% H=7F A 3HA & 4 (lactase)
o] = wj ol 749 92 &gl T80l vty ¢
A Q)71 witolth oy g A TS frdEHS(lactose
intolerance)©] 2}3L 3F=H, bl F-0] ofA]olel, ol ] 7IR1E
o] 3l @ th(Yoon et al., 2000; Yonejima et al., 2015; Yu et
al., 2015). WA =2 $£59 lactase S A4}l probiotic
A ES et FFEWS TA 329 probiotic®] &
T RERAFY A FA 7o
S AS=E 7yt "k
wEba] B Ao AL Yy dRAAFC, AR, 8
EZE, Kefir, % $)oIA AKacid), B<F3HE, diacetyl, acetoin
o] ARS {3 7HHSEAME A&3EHA FE3ke] HPLC

facs

1. HPLC ZH| 9 A=

HPLC A]2=#l-& Agilent 1200 HPLC ChemStation™& A}
SFSATH(Table 1). 2541 S73A = A& 20 pLolm, 2102
290 nmellA UV 7% 71(325 Dual Wavelength UV-Vis Detector,
Agilent, USA)Z =43}, FA]ell Refractive Index Detector
(RID, Agilent, USA)E A ¥ =2 43l S35tk ZE #
FE ChemStation™ Data Browser Software Module(Agilent,
USA)oll =3 BA= Ak 4] 242 Guard Column(4.6
mm ID x 12.5 mm, Agilent, USA)3} ZORBAX Carbohydrate
Analysis Column(4.6 mm ID x 250 mm, Agilent, USA)S A}
3912 ™, Drying ovenoll A 65C 2 F-X A, 15 0.8 mL

Table 1. The instrumental conditions for organic acid and sugar extraction analysis by HPLC

Instrument Agilent 1200 HPLC ChemStation™ (Agilent, USA)
Column Guard Column (4.6 mm ID x 12.5 mm, Agilent, USA)
ZORBAX Carbohydrate Analysis Column (4.6 mm ID x 250 mm, Agilent, USA)
Detector 210 and 290 nm UV Detector (325 Dual Wavelength UV-Vis Detector, Agilent, USA)
Refractive Index Detector (RID, Agilent, USA)
Solvent 0.013 N H,SO,
Flow rate 0.8 mL/min
Temperature 65T
Data program ChemStation™ Data Browser Software Module (Agilent, USA)
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&/d(mobile phase)Z= 0.013 N H,SO.E A&

2. HPLC &4 o HAXME 93t 2E2Y
EFEY O 2= lactose, glucose, fructose, lactic acid, uric
acid, acetoin(Sigma-Aldrich, St.Louis, MO, USA) 55 HPLCZ
22t B4 e T, UEd 242 3 4 S92 HPLCR 2
5 ekl AZHATH

N

b #4138 RT(retention time)&

3. HPLC &M & 9t ME Hx{=

Zeppa 5(2001)°] WS WY st F714F B grshE
Zoll AsiAl sl s FFEd o FEA F&
RS g 87 F 5 g(FEE 5 mL)S 013 N HySOy(Sigma-Aldrich,
St. Louis, MO, USA) &9 25 mLZ 37}8}3, Stomacher”
400 Circulator(Sweard, UK)ol A 5% o]/ wREsith B&
FEE2 10,000 rppmell A 527+ AR 8, T H L v
T A] 0.22 pum filter(Agela Techonologies Inc., Newark, DE,
USA)E o33+ 5 HPLC E4jo] AL-&34ith.

-y

4. HPLC EMojl AlS2 HE ZH|
H Ao A AR A
A=ty s=o)aie 2
dro} AME-3}9 0, 11 9] —rv(market milk), X%, LF2E
Al tE vrEdA duEE S st £4 O}m‘E}.
a8 fAEF] 3 B & (lactase)d] 5HS gl
&t71 $18l A Yoon 5(2000)°] S W skl ARESFoAT
A% probiotic lactic acid bacteria 52 Bifidobacterium

Oﬂ A kefir solution3} kefir grain<
U AFdAATaoA BFES

animalis subsp. lactis, Lactobacillus rhamnosus, Lactobacillus
casei, Streptococcus salivarius subsp. thermophilus©)™, &3
%771 Z 7 (concentrated freeze-dried culture; CFDC)2] FEj =
Chr. Hansen, 3¢l fr7Fg 3 &2l Fdste] AH&st
ATk T O 2 A 10% SR Sigma-Aldrich, St. Louis,
MO, USA)7} o] &5 om, AR H2 222837/ 30
min)3 5 37-40CE Y43 5 72t 55540279 5%
7} 10° CFU/mL °)’de] H=% HFstar, vz 7t dEd
& BAEEE Fol7] fEiA 37T widT]elA F 6A1ZF
FatHA T AIZF H9E FE3HY HPLC #4115 9
A2 E A%l ¥ HPLCZ lactose, glucose 52 3F
EREL S

617t
i3
Lk

F

tlo

5. SAIEAM
BE A5E SAZEZ 1% GraphPad Instat(GraphPad Soft-

ware, Inc., USA)S AFE-3}93th

2 ATl AE 719 HHel Z eppa 5(2001)9] WEE W
gote] 7hek FEUY LCE ©]§3ate] theFet s
L EFAFY] 714k F&—’Fﬁr%% FAlA AL L, HEgl
Probiotic lactic acid bacteria®] Wl %F
3t 55 B4

A HPLCO] #5583 714t grstEe £42 9
o ZFEAAHL Fig 13 201 YERY Atk UV 210 nmell
A& lactic acid¥ HAZH9.2™, UV 290 nmol| A= uric acid
9} acetoin®] HEEF U2 H(Fig. 1), &#F3=2] A& RIDE
0]2&-3}] lactose, glucose, fructoseE 73Z 3t A thFig. 1, 2).

2 AN F4E 57 oS SE EaRAE
Kefir solution, Kefir grain, -$--(market milk), Yoghurt, X]=
59| e&318 242 Fig 39 UelY 2tk Kefir solution,
Kefir grain, 9--(market milk), Yoghurt, X|= 5] &3HE
42 Fig. 20 £F-89 B4 3 vjaLste] 2 Ao B4
H 7t Gy FERAFS 5ol E tgsiA 40l HIA
. B AFo|A = lactose, glucose, fructoseTrS ©]-8-3}e]

o?i

HPLCE #4331 =tl, &% 7]l oligosaccharide ¥+ o}
2}, TheFs monosaccharide 5 ©]&3te] 24] 12 8913}

= A7 Mg Eojok & Aotk Eg 571K 9 e HE
g FAE A Kefir solution, Kefir grain, -$f-(market milk),
Yoghurt, X|Z 5°] UV 210 nm®} UV 290 nmol| A thekst
peakS YERH I th(Data not shown). B AAdF 418 295
A1+ lactic acid, uric acid®} acetoin ¥5+ o}4 2} UV 210 nm

REFIR 5014203705 1601000050551

r*,J Lactic acid
210 nm
; Uric acid | Acetoin 290 nm
 Fruct
i Fructose

Fig. 1. The HPLC chromatogram of standard solution including
lactic acid, uric acid, acetoin and carbohydrate solutions.
Agilent ZORBAX Carbohydrate Analysis Column; flow
rate, 0.8 mL/min; mobile phase, 0.013 N H,SOq4; 210 nm
and 290 nm of 325 Dual Wavelength UV-Vis Detector
and Refractive Index Detector with Agilent 1200 HPLC
ChemStation™
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Lactose
= iEIiEw : F SRiRiiEt
3
3 F 853 9P §3 30 EE
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Fructose «=
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Fig. 2. The HPLC chromatogram of standard carbohydrate solutions
(lactose, glucose, fructose, and mixed). Agilent ZORBAX
Carbohydrate Analysis Column; flow rate, 0.8 mL/min;
mobile phase, 0.013 N H,SO4; Detector and Refractive
Index Detector with Agilent 1200 HPLC ChemStation™.

Kefir solution
B R e 4
Kefir grain
3 ¥ o=
2 ®SEn
Market Milk s E 3
= %
3
Yoghurt (Norma!) VVVVV P X { BEIRND
J Z AR
Cheese woimy pymd| §asiiREER Ol oRED O3

Fig. 3. The HPLC chromatogram of various commercial dairy
foods - Kefir solution, Kefir grain, Market Milk, Yoghurt,
and Cheese. Agilent ZORBAX Carbohydrate Analysis
Column; flow rate, 0.8 mL/min; mobile phase, 0.013 N
H,SO4; Refractive Index Detector with Agilent 1200
HPLC ChemStation™.

9} 290 nmoll A B4 7hse ¥ B2 oheet {714kl tigt
A+7F o g ojof & Aol
AF7HA] 1 X 714k @ slEe] F24 il
S 2EH BHE, ol EAES FEAE
ol &, A3} ¥ E(acidified water), ol €2 HE acetonitrile
TR ANFE TSI FE2T & JvhL I8 tHGomis,

1992). X3+ Mullin®} Emmons(1997)° €]3}H 50T <] Eo]

14
re
-

=0
IS A T

Y Mool

FEAE AR H e 52 5 Aok B
Marsili 5(1985)+ 2= 5 goll A 714k F%38h=T acetonitrile
I Eo] 4:19] H]&E o] &3, Dulley(1974) 2 McGregor
3} White(1990)= =4t} vhg 3} 8H4t ofd o] &S Al8-5)
o FZ383ith Panari(1986)= FE = S18lA =< AHESH3
A%, FEES ool W X](ex Amberlite CG 400)<}
0.1 N H,SO,& ©]-&3te] f7]2hE Ze]stoivh. 12] 3L Panari
5(1997)> LR FAFAA FA RIS ] 918
M F7] TRl Atsdth AF7HA 8 B2 A7 B
5S AEE B FE2T 1 0.0049~0.009N H,SO.& FZA
2 AFE3le] thekst HPLC Al <8l o A 224 0] ¥ 9] 2 H(Lues
and Botha, 1998), %3 Bevilacqua®} Califano(1989)= (NHa),
HPO,9} acetonitrile &4 AFEsF Tty B39 Th Lues

F(1998)°] SAE ol @ g ol o §Hof thakat
EFAFANN 71403} BFBE ol BAHA o] L
W RN SIS AR THE A 20N Th

"1]— [e]
A EAE A=), Panari(1986)0] 251 542 2 0.013
HSOs2 AHE-3Fe] A8do] Eohvhy By skt 234
2 HFL 0.8 mL/Ao]H, column 2EE 65CE AA3E
AT A7 30 olWolm, 4 60 psi ©18tE WA WERR
111 F57de] 0013 N H;S0,% ) E‘r?ﬂ%, “Hacid), diacetyl
acetoin S UV &7 2 RI 4271614 D¢ 102 4
o] ¥, peak®] T A a}A UrE}kkE}(Zeppa et al., 2001).
22 LC°ﬂ o3k e kg fA|Foll oA Er43)
EAo A Q3 TA o] ti(Zeppa et al., 2001).

rﬂlozﬂrﬁmﬂ

whHo R —E— o2 Ay Ee AYHEYOE oo
A 9tk dukE 0 2 AKacid)S UV A& 7] & diode array

setol A1 210, 214, 220, B+= 285 nm oA S W, B85
9] 73-9-oll= differential refractometer %=+ pulsed amperometric
=4 HZE717F AHE-EtH(Zeppa et al., 2001).

HPLCHIH & o]&-3te] FAlo 2Hacid)s} B53tES T8
& dv B AJAARE FF-8-2l(coelution) 7k LFERHE
d2Jo] galactose2} pyruvic acid, acetoin} propionic acid L2
2 uric?} formic acidoll A VRS TR Y. B 13519 ﬂ(Gonzales de
Llano et al., 1996). ©]& s LA H 9] FE A< 3|22 Mullin
7+ Emmons(1997) 2 Zeppa 5(2001)°] 2Jaix] A7} A3
Holow, F714F 5ol & 0w ALl 7heetAatial
BHysdh webad AAl, S5 GEFAF Ao A FAlel
2hacid), ©43HE, diacetyl, acetoinES H4] 3= Wl th3k
e 2 AEA AT o B At 28] aEHY

F Lol HPLCE ol &sho] thefst a2 FollA FAlell
7153 gpstES w4 skE A77E Bel R E e,
Keleberk 5(2009)> Turkey2| Kozandll A AJ2tel= Q3= 5
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29k oA SR8 {714, ©rsls, dw 24 et 5
g5 HPLC o s 13 0}1 ol 5}@’%"1 e,
7141 citric, malic, ascorbic acid®} BF3F=<] sucrose, glucose,
fructose7t FAo Aol Z Ak B E3ith Choi &
(2012)°l] <J3l™ g4t & 100%E AHESH & FEASAE
(A, AR EF)S AL B W 20 A BasHA 7E
o] #7]4ke) acetic acid, citric acid, fumaric acid, lactic acid,

malic acid, oxalic acid, succinic acid 52| H3}E #H&A3}5oH

J By E, vhget f 7]"}94 Hal= A= EA &
ol & Js we RS ZES Wit i 3 2R
A F9 Aol th3t probiotic lactic acid bacteria®] &

Aol 717k W2 F714E 24 Wt e A7 F
zl;r)rg] :',]_7:]] ?‘g:j_ ZA ]_ ]o}o]: 3F 7—10]u:] HPLC H]—HJ o=
FAE B A Bl @ A7k o wol 213
oo & Zlolt}. vttt frAlFo] v LFA A Pl
of thh &4dol A F7hE L 7] wEolth

= = [e]
T DERAFANAN F713 @R ES FAl Ao &
A=At pAIRE Fold o= AAgH7] flaid o o
&t Fr DEAAFY 24T Fa A AK(validation) 7+ A
213 2 a3t

[€)
gutdow tiefst Gy HERAFY Fve FATOl
5 B3 sle= 5o AAEE A carbonyl 3H5HEol o)
o|t}. Acetaldehyde, acetoin, butanone-2, diacetyl 5©] thit
ol 34 carbonyl 33HEC|H, Q2 E QA= Acetal-
dehyde”} 2 kS F= Ao 7 LA ItiChang and Kwak,
2000). Acetoin} diacetyl -+ Foll EAE citrate?} T
9F3l lactic acid bacteria®l] o]&] AW, 2 FLZE Y butter
o] £ FrE FAs=d T2 AEo] "k o8 7HA
) IS obefok 22 Wl osiA FH =L
[¢]

(1) ¥1A17g R (colorimetric method), (2) polarogarphic
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(3) gas chromatography/mass spectrophotometry(GC/MS)

18] (4) HPLC ¥ eldl, #2ol= HPLC W o2 3v
AR #e Bo Ayt AP E T Ao 3], o] W}
2 A4 7EAN ARHORE FAE 2T 5 JE U
3 HPLC W Eo] A&H o2 satso]of g Aoy, o]
HHE FallA gdst 3 TERAFY FAMNAH THE
A B =S E 5 S Ao AgEY

& 2(lactase) 5EH S A E
| A2 ] o) g+ X (calibration)
FEH 7 §HolA g@stEo] FEE7] Ao Wi
= Z(internal standard)®] 1 mL9] 1% fructose £ 7}
0 & o]RojHrh B AHA EAE §AFFo SR
A

2 (lactase) 2] SE A Bifidobacterium animalis subsp. lactis,

oo 1N rlo

Lactobacillus rhamnosus, Lactobacillus casei, ZL2| 3. Strepto-
coccus salivarius subsp. thermophilus®] S 2 UEGT
(Table 2). THA] Hal A, vl FAIZFo] 6A1ZFO 2 245 A yhA]
O 2 lactoser= #4353, HHHY glucoses S7tehe A TS
H S th(Table 2). ©] 3 7} lactic acid bacteria@}ch TS &
ol LA (lactase) ] TE S oW, AL FdFAAME A
o]7} &= Ao 2 Yelth(Noh and Gilliland, 1994; Yoon et
al., 2000). 3| Bifidobacterium spp.”t Lactobacillus spp.2}
Streptococcus spp. BT} 2 5] S 4 (lactase)] 8=

H S th(Table 2). o]¢} 22 AE-2 Yoon 5(2000)3} Vinderola
9} Reinheimer(2003)2] 97 R 79} ¥]523 AL BT o
WA 0 2 Lactose?] 1&E8(M.W.=360)°] 7}=23l3}H glucose
1EM.W.=360)2 galactose 1E2(M.W.=360)= A48tk Lactose
o] B-2}3F0] glucose$} galactose| H-A}2kol 28] 7} = 7] wj &
o, B A& oA AFE-H lactic acid bacteria”} lactase®] 2F&-2
Z LactoseE #3314 glucoseS} galactoseE A4 A thH
O|2XOF 6AI7F & AAH glucose9} galactose ¥ 7o}
of 3k, o] 9 o] ZAAH Lactose U LX| = oof 31X
T 2 AR AFdAE o] T dAEA AL HAE
¢k9kth(data not shown). o] A ZA Al 7}A] 2] o]fof <]&t
Ao 2 AFEHEH, AAE lactasel] &8l A] lactose?} 7F-5
& &= =<9t transgalactosidationol] 2] 38} lactose9} glucose<}
galactose 7F] 22|19 FAoIH(Liu et al., 2011), A=
A4 E glucose £} galactose”} lactic acid bacteria”} A3/ 3 &
2 aao o8] EslE AU HAE O lactate, acetate, xylose,
tagatose, sedoheptulose 55 A4 o™ (Yu et al., 2015), AlA
+ exo- Z endo-lactasedl] 2]+ F3FA Zo]tiYoon ef al., 2000;
Shin et al., 2012). WeFA, lactic acid bacteria®}t} ©} 43t exo-
9 endo- lactase®] 58S 3t A77F &5 e ofof
& ZAo 2 AFEEY. I3 Bifidobacterium animalis subsp.
lactis, Lactobacillus rhamnosus, Lactobacillus casei®} Streptococcus
salivarius subsp. thermophilus7t W) 717 &9t 7} {2t
uioh A gk theket 3] AR ) WSk Fol #ek AF

& Aot FF S5 TEARAF AxX A VZARER ol F

Table 2. The changed amounts of lactose and glucose at the end
of 6 hour incubation (37C) of four probiotic lactic acid
bacteria suspensions (Unit: g/l of reconstituted milk)

Lactose  Glucose
lost gained
Bifidobacterium animalis subsp. lactis 6.36 3.78
rhamnosus 5.74 331
Lactobacillus
casei 545 344
Streptococcus salivarius subsp. thermophilus 3.98 2.23
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o 4 €] acid, ¥4 3}E&, diacetyl, acetoin 5©] HPLC W

A& Qe AEH A o}xl thge ]
£ HAistslA ot s

HPLC " Eo] X&FHo0F 7HHLQOﬁO]: (=R

AF] FAMNAA 7S A= ALSHT ik
= AEs A RAeR olg}, 4

A& F23}
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Aglo] AH&E HPLC WY o2 thofdt fabd s
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ot

ol rie
M

o] At YA ZHEt S S A (lactase) 5 o] A}
A dl, Zt Probiotic lactic acid bacteriam}t} T}oF3l &

(
==

A=

B A(lactase)®] TEES Bom, T #FANAME Aol 7t
= A2 = yetsth & A3l A= Bifidobacterium spp.7}
Lactobacillus spp.2} Streptococcus spp.E.tF =& F 3=
Z(lactase)®] THS HAATE AR falt ol FEE R
& F8e AgatA wetetr] 2184+ 2t Probiotic lactic acid
bacteria®] exo- % endo-lactaseo] gt AF7F Fr7H o ® I
Q3 AEX o2 thorel YiEutEAE 9 J)e HFAE
SolA HPLC WO 2 FAlel {714k gsta 4o
Ao RN AT fsiME o B 7I2AE Y
I AR A AE&A Q] A7 P ojof & FOow A}
EHh
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