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Ty voRxFMERNEEE LT, ERRNYASEEH
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TREREEA IO 57 14— (HPLC) ZHW/zHEDN

RIER KRR R AFEFHE  142-8501
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FEEk, 7I/MESCLFY LISk ) BEMELTYS
7o, RERBEROGHEIT) TERTERV. ZO72D,
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Table 1 LC/MS conditions for proline and hydrox-
yproline analysis

LC conditions
Mobile phase A 0.03% Acetic acid-

0.02% Triethylamine in MeOH

Mobile phase B 0.03% Acetic acid-
0.02% Triethylamine in CH;CN
Flow rate 0.5mL min~! (A:B = 20:80)
Column temperature 30C
Injection volume 10 ul
MS conditions
Ionization Electrospray
Mode SIM negative ion

Monitoring ion Prolin_e (m/z 114)
¥Cs, "N-L-Proline (m/z 120)

Hydroxyproiine (m/z 130)

Capillary voltage 3000V

Drying gas flow N (12 L min™")
Drying gas temperature 350C
Nebulizing gas pressure 35 psi
Fragmentor voltage 80V

BELOCARcMEEMA L., EERREL LT, 1
(=)-71Y ¥ (-Pro) (REFHZ), v-(+)-71V ¥ (-
Pro) (FIJE4¥#), trans-& FOF -7V ¥ (1-Hyp)
GREREM), cis-4- FuFvp-7aY ¥ (p-Hyp) (>
98%) IZAEHMERZH v, Yoy — FWHEIZIZ PCs,
PNL-7a Y v (>98%) (ISOTEC #) %M L7-. #HE
ALREE LTHWEZFVE 77 VT VT F (OPA)
(B L) IMEMER, oovuF LoV AF L un
RV A=+ (FMOCCD) (>98%) EHRFALBEEZMHERHL
7o, TOMORBITIEIADGMERAHER L7z, BEAKE
Milli-Q Gradient A10 (HA&RIYRTE) ICXPERL T
v, silEoEMAMEEICE, A%/ -V 5mL BT
BIEKsmL2Z2HWCTTLarysyFsvamnr 7 L-GLY
4L ¥ 25 Bond Elut C18 (500 mg, 3mL), *7z, X%
J=V1mLRUBHEKImLZHVTFLI VT v g
= 7' L7z Waters # Oasis HLB (80 mg, 1 mL) %M
L7-.

2:2 KERUAIFESRMSF

BRI 0= 7T 7 BESHENTIE Agilent B 1100
series LC/MSD % Vs, 8 &7 T & 12 1k Astec B
CYCLOBOND I 2000RN (4.6 mm I.D. X 250 mm) % f#iff
L7z. #2805 PS&M1E Table 1 12R L7

2-3 HERAREOHAR

THIEAEK R OV EREL, FBEKT 20~400 fICEEA
MLU7=bozidk e L, #A#s500uL 2905 — b+ (1ug)
RWML7:t%, RBRBRERAE L. 72, BHIvsg,
FEBAK 1 mL %4720 & VX7 BER 05~5mgll% b X9

KAGAKU Vol. 56 (2007)
BREL, ey —F (lug) Z@ML7:. 20f, ESf
R OICE U TRY Y0 BlE 2oz, T8 ) —
WV 3mL #MZ, #OSEERME (5000 rpm, 10 min) 247
o7z, EEARESEL, REWIL75% 5 /7 — )V 400 uL
WX DS, EOS5EERE, LEATOWLL. 2o
R BEL SERYBELA. LEAZEDE TRELE
L7:1%, KUK 500 uL ICFEM L, RERBHOME 21T
o7, OPATHEMbEtEE LT, BBBEIC I M AT B
REW (pH 9.5) 500 uL & UF OPA #A¥E (3% OPA R U¥
1.5% A NWVAHT 1y —)v) 250uL # MMz, EIRT2
ﬁﬁ%ﬁbt.%@%,ﬁm@%Bmdecw«kﬁ%
L7z, MHEESWL, BT, 5% A% ) —IVKBR?2
mL THEHEZTV, HHERCBEREEZE&HE, 5mL i
BELZ., BELZ5mL 25 200 UL 5B L, 40C TH
JEF, %L 7-%, BEK 200wl THEHR L, FMOCCI
WX BFEMREITo72. Thbh, FEHNEMR 200 uL 2
1M &7 BEER (pH7.7) 50 uL K F 15 mM FMOGC-CI
250 UL # iM%, ZRT4OHHBEHE L. RIGEHED
FMOC-Cl ZBXkTH72DI12R> % ¥ 2mL T2 HEEHL
7z, iz, ABPFTOFEEFMEL v A% FHEEICHE
4 57:%®, Bond Elut C18 I2 X B 7 U —> 7 v FHBHEIZ
ERLZRBEEY» SN 4mL Y, BEEZELZ. #
D%, FEK 200 uL THEM L, FMOC-CLIZ X 2 FHEMK
L% AT o 72, BEAW 200 uL 12 2% FEE I mL 2,
Oasis HLB ~EEAF L7z, FHEHE L THEK 2mL %
WLt 5% TVEZTERAY /=& 2mLitd 2
LT, I—=FV v VhLOBENETo/. BHREZBEE
BL, BEE (A¥/)—NV:7Eb=FYI=20:80)
200 UL CTHEM LT, RBREHE Lo

B, AP OREMEDOREICOVTIEREAS IR
2T, %p=p/(D+1L) & L7

3 MRRUEBE

3.1 BIEFHFOHKRES

T3 BOE ERN (UV) BINRREHCER E oY
BEHELTWERWD, UV EEEH T 2WE
NOFEPL R ERk e R HEPH LR TSR &
72, T3/ BRTEEAEN TS S Lo, BENEL,
NHENTWBHHZD ODS 7 T & TiHEFHFPEETH
D, BEEFEL T 520120 BE K ThbRL TS, K
e TiX, B2 UET 572012 FMOCCLIZ & 2 HE A
ILZATo B, FINI T AL BREHMEIT72. &
WMRTEHEOFIND T LAEZRFT LIER, REF7FVT
FNANNE— NFBEFEENTZB-r7aFFA MY ¥
ZEEHME L7, CYCLOBOND I 2000RN 2% FMOC ##&
HAEL7270 ) ORI VaEBICRETH 72, 72, W
BB R, SIREICENR I ERSWEE (MS) 28
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Fig. 1 MS spectra of proline and hydroxyproline
(A) Proline, (B) Hydroxyproline
8000 1 2 SIM : m/7z 114
6000
4000
2000 “
5 10 15 20 25 30 35 40 min
12000 B SIM : m/z130
8000 4
4000 A
5 10 15 20 25 30 35 40 min
2000 5 SIM : m/7120
1500
1000
500 A A\
5 10 15 20 25 30 35 40 min

Fig. 2 SIM chromatograms of standard (750 ng mL ") of proline and hydroxyproline

Peak number; (1) p-proline, (2) L-proline, (3) D-hydroxyproline, (4) L-hydroxyproline,

(5) °Cs, 15N—L—prolime

WBZ LWL MSEHWAZ LT, BITHEERH
BCNESRETH - - BEMHITB T RS OB E
2HTVZIITICNEIITR 720, P TOEELM
B pEROFENTRE L 2o 72,

LC DBEHLHZ R T 52010, ABEERELTT
b= MIN-2F 7 —VRBBEEZHY, pHRED2OD
BEREMATICREET o225, BEHmL, WE
BRASERME R oz, 20720, BERE L CEEREY
MNIZFUVT I VR, FOER, BEHEROBRENS
S bicoh, RRFBEMIIELRY, Y Y —ThE—2r
BoNAZ EVGholz. LHL, IEWEDA 4+ b
PENEL, BEOMFICLAWEICBVWTE -2 HEE
LTI L7z, SICREROBREZKL 5L, HiFHE
MR ZY, E—2BRETO— FiZkol. ZOBH
WOWEIT X 2 REFRE~OREBIL, BEEMHEISWED
KEHEONIH L THEEPEL D ThHLEEZ DN
72, TEAMEORER, Table 1137 F LC &M% &Lt

L LCRRE L.

MS OMESM & LT, FMOCFEMKL LT a) v o
A F MUV THET LAz 25, L7 bRATL—A
* v 4b#: (electrospray ionization, ESI) &\, 24T
474X yE=FTTu) Y EFe Fasy7yal) VR
G A F U EEND LG0Tz, TAART MR
B L7RR%E Fig. 112, 72, 70V Y (m/z 114),
PCs, PN-7 8 ¥ (m/z 120) BROe FeFy7ra) v
(m/z 130) DENEFNOFEIRA F VHH (selected ion
monitoring, SIM) 7 1< ;75 A (fE#fF) #% Fig. 212
R L7z

BELEZEERREWEL, NEEWHE °Cs, "N1-
Tan) YT AN TR OREBREERL2E 2
A, 7aUy GRE#M: 25~1000ngmL™ "), & Fa¥
¥7ual) ¥ (p-Hyp: 50~1000 ng mL ™", L-Hyp: 100~
1000 ng mL ™) (334 ICAHBIFREZ 0.997 Bl b & REF LR ERR
HErEoh, EERE (S/N>10) 1 25~ 100 ng mL ™'
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THo7z (Table 2).

3.2 HERBROAR

FMOCIZ 1B 2|MT IV ERIET S8, 7aY
¥ @D FMOC SFHEMFLETHIE, 1/T7IVBERLDLE
T5, A7 IVELERICHFERMEEINS. F/2, &
THh1IH/M7I/BTHS .04 ¥ Y (MW.=131.17) &
-4 Ve4Yy (MW.=131.17) ® FMOC FEKIE, #i
REPdEFeF:Fy 7oy Yy (MW.=131.13) @ FMOC
FHEAOFEFHEE L EL, BICIho05FEDITITEL
Wiz, bk Fudi 7o) YoRBICBWTIiEREL
525 e0Besni. EE ofyy, fvafdy
PREIZETNA-EHERE L LT FMOC FEMRLO A
THM L ZA, peFaFy 7oy yoRBIZBNT
LAY L AVEL Y VI AEREENEDLN
7eo Fl, BT N) v 2 ADOHEINLERICE, .
1HT7IVBREIELD, BRABRYEPEEITNTVLE72D,
ZU—= Ty THERTGTHo 72, MSDA F ki
BLTOAF v ST Ly vare, REYELERETS
FEAHEOET, BEIZ, LCH T 20HMRHER LD
ELBZEBGHIN., #0020, 70 Y O+5%5%H
BAMLEAT) 72018, 1RT I VEBRETHLENRD /2.
ZFZT, OPAVIBMT IV EDARILT AMEAFBL

Table 2 Validation of LC/MS analysis

LOD/ LOQ/ Range/ Correlation
ngmL™"  ngmL™' ngmL™"  coefficient (r)
D-Pro 10 25 25~1000 0.999
L-Pro 10 25 25~1000- 0.999
D-Hyp 20 50 50~1000 0.997
L-Hyp 40 100 100~ 1000 0.999

LOD: Limit of detection (S/N = 3), LOQ: Limit of quantifi-
cation (S/N >10) p-Pro: p-Proline, L-Pro: L-Proline, p-Hyp:
p-Hydroxyproline, L-Hyp: L-Hydroxyproline

KAGAKU Vol. 56 (2007)
T, 17 I % OPAFEMAKILL, HMMHRTH % Bond
Elut C18 71— MV v VITR¥FF & /2. OPA FEMILERME
L L TiX, Monboisse 5D HiEEBEIC LT, HHdt5
Thr7uy) Ry redRyruy) Y2k 7I/®
TH5720, OPA THEMILESNT, Bond Elut C18 & —
MUy VIBERESNR G, TOME, CORMLEIZLY,
17 IVBEL 2®MTIVERTH S 1) v OFEMBHH
BIZX B0MEPTREE 2D, 28T I 7 BROBIRW L ETL
BEITH 2 L ATE 7. KIZ, Einarsson b0 FE S
#1Z, Bond Elut C18 #— MY v VCHBE LA 2HT I/
B o FMOC FERILZ TV, EIZ Oasis HLB 7 — 1 v
VEHAWTZ Y =Ty T 2To7. FMOC FHEMRLLT
HrreTruay) YOmEMMETL, Oasis HLB 71—V v
TMBIZBWT, RBBEFPIZ2% FBREABML T
FMOC-7a ) Y& RFRICTHIEIZED, #I—FVUv
VANOT A RRRESONA. Oasis HLB A— MY v V%
AW BB 21T 2 & T, FEERLOBIZHV A
BIERAE R ICE TN BBEO IR G OREN TR L
mol. ZT® OPA L FMOCCl 2V 2 AT v FHiE
BALEIZ LD 2T I VBORBIRNZZ 2 Y=V T v 7TH
R RH IR S

3-3 EHBAOICH

AEE LT, EREEDK, BIns, EEEEEV, B
BB 2 AT o 72k 5, FIHEIERIL 80 ~104% LA &
BIFCTHY, F/, HHEERZELR7.0% DNESHELR
WEAER SNz (Table 3). 4712, 1-70 ) VIZEER
k% PSRN E VT WA 72, BT EILERHE S
N, FEEEINIV L Fesy 7o) b 442 lEDNS
Thhiz, REZHWTHRSNTY B EREKE K 6
H, BI Vs s BERVER 6 BEICOWTERO T
VYR FuFY IR YOEERYIELL. OB
Druav I A% Fig. 8IIRYT. e FaFIruy v
oW TIRWTNOKED? L B SN o 228, 111

Table 3 Recoveries of proline and hydroxyproline from various foods

Recovery, % (R.S.D., %)

Sample p-Pro L-Pro p-Hyp L-Hyp
150 ng mL ™" 300 ng mL ™" 100 ng mL ™' 200 ng mL ™'
added added added added
. 97.3 97.7 84.5 95.8
Soft drink
oft drin (2.2) (2.5) (5.4) (7.0)
Infant formula 86.9 98.1 80.1 94.7
(2.5) (2.1) (2.5) (2.4)
Vinegar 104.0 99.3 84.9 98.9
& 1.9) (2.4) (3.5) (1.6)
n=4
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Fig. 3 Typical chromatograms for proline and hydroxyproline in vinegar

These chromatograms were obtained from vinegar 3.

Chromatogram D is highly-

concentrated sample for quantitation of D-proline Peak number; (1) D-proline,

(2) Lproline, (3) “Cs, "N-L-proline

Table 4 Concentration of proline and hydroxypro-
line in food samples

Sample D-Pro L-Pro D-Hyp L-Hyp
Soft drink 1 N.D. 598.2 N.D. N.D.
2 N.D. 142.7 N.D. N.D.

3 N.D. | 1247 N.D. N.D.

4 0.17 11.3 N.D. N.D.

5 N.D. N.D. N.D. N.D.

6 N.D. N.D. N.D. N.D.

Infant formula 1 N.D. 31.8 N.D. N.D.
2 N.D. 19.7 N.D. N.D.

3 N.D. 24.6 N.D. N.D.

4 N.D. 18.1 N.D. N.D.

5 N.D. 45.5 N.D. N.D.

Vinegar 1 N.D. 12.3 N.D. N.D.
2 N.D. 18.1 N.D. N.D.

3 24.1 408.0 N.D. N.D.

4 21.4 877.7 N.D. N.D.

5 13.3 825.3 N.D. N.D.

6 N.D. 48.4 N.D. N.D.

pg mL™'; N.D. : not detected

FTRTOBEPS 70 UHE &7z (Table 4). —
F, -7 VIV LRI N oA, F
WEEK T 1R (017 ug mL™"), EFETIE 3 K&k
(13.3~24.1ug mL™") 75, 1.5~5.6%p DEETp-7
o) A SR, 4, p-7u Y VARE S h ik
X, FOERELAENFEETH 2. B2, EFEO 3K
BroFL-7aY VASRICRINENRZZ 25, KBRS
Aok e-7ay) AR E LTHEAIh T 72T g

dEZ LN, T/, BETEEBRREIIBWTREDOR
B % T 5 TWAB T8, FOBIZ, pAPER LD T
BwuhltEZON, BICEETLILENHLLEEZEZON
5.

4 #E =

OPA & FMOC-Cl % [ L 72 RINAY 72 BT AL PR3 4E 2 47
W, LC/MSICE B 70 Y OEREPOBIRW X5V
Sk EEBEOBERZRAA. 2 A7y THEMHILEIC X
DEEDO 7Y =T v THEFENICITDLR, LC/MS EE
~NOFEGRD D v, BIRW R ATLENEEE oz, T2,
FSNVASLEHAVBEIET, Ful ryoRIFREFEYE
OBEAER S N7z, RSN TS ERGKE K 6 FEE,
WINT SEERCERE6EHEIIOWT, Fr) ol
FBICHEA L7255, BIZTRTOBRELS 178 ) V35
HaSh, FREEAE 1A, BRI 3 Bk, S, 1.5
~5.6%D D p-7HY VKM I .

REFHIRERFO T v 20558, NETHIE
PHEETH), EMENME LTHEAIhE FOY V0%
EWEERT B72ODENRGNED—DIl 5D LM
Fehs.
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Enantiomeric Determination of Proline in Liquid Food by
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For the chiral separation and quantification of L-proline used as a food additive, a selective
pretreatment method that uses o-pthalaldehyde (OPA) and 9-fluorenylmethyl chloroformate
(FMOC-Cl) was examined, and HPLC/MS with high sensitivity and high selectivity was devel-
oped. Primary amino acids, which exist in liquid foods as impurities, were derivatized with
OPA, followed by separation from proline with a solid-phase extraction cartridge. The sec-
ondary amino acids were converted into FMOC derivatives. Sample cleanup was achieved with
this two-step derivatization method, and a selective pretreatment of secondary amino acids
became possible. An excellent means to separate the optical isomer of proline was achieved
using a chiral column made of a B-cyclodextrin phase in the polar organic phase mode. The
average recovery rates of proline from soft drink, infant formula, and vinegar were as high as
80% to 104%. Using this method, proline in liquid food can be separated optically and deter-
mined. This method is expected to be of use in determining of the safety of proline used as a
food additive.

Keywords : chiral separation ; proline ; derivatization ; solid phase extraction ; LC/MS.
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