Bk e 1111

TARTZ MR BT BT EEAROA AME:
Xy TV — U EBRIKENEC LA TAAT T AR S D EE

fmt

RPN SN e e P

B B IR Sh T2 77 IIER L TR e a2 G e ds DA REILE T 5 Na” H2<E T, — 7.
AIEBEIBOTHFICDRODDE D E G LT ARAT T eI BN EH SNV TND, TAARAT T NI, fEERFIZ
NaCl {Eikz B LT %, Tz 1d, NaCl RO T7 B IR E FAWTT AAT T N KRG L C& Tz, A
JeTIE, 777 BB HREROE AMEE T T 572012, FxE T — — ERUKENE (CZE) IZLAD T AAT T N OB 1
fe, T, BIBAA L DERIELENLT Do DUVVT, SRR 2B S EHIG LT A AT T RO Z By
ZERL, 777 EBRIEOA A OW TG 2,

[EER] (1) AFEER N OV /B E B ATKENEE LT, pH 10.6 [ZFHFE L= 20 mM UL BE/KFE MU A2 0.001% 21K
AF AN B RINUTZR W Z VY, CIL NOy, NOy, a2 Vg, 7o g VAl 7ANTGX R, T VAL RO
WEAREVERR LT, TAAT T MR ORI T, MikzE Mz THSTTV O S UM L7, CZE IV EREL, (2)
G IRAA L ERAVKENREL T, 75 mM ARV R A2 2 mM 1,2-7a P o7 U NERR— K& dshinL iz
A IV, Mg?t, Ca?', Mn®', Fe*', Zn> OB A ERR LT, SRS 12T A AT T M Sk T OIL-BoR ISR
FRZdINL B E WA ED BB A A L, CZE ICXVERELT,

(#BREER] (DB —7mfEZ AW, BEREVER LA, BEAED RO O35z (1=0.9980-0.9997) | F7=,
Fi RS (LOD, S/N=3)1Z 0.035-2.6 mg/l ThHo7-, TAAT T MIHIEZ ST L= A, KB, & — 2 iSO
KSR 72 (RSD, n=3) 1TZ L4 0.26-0.58%, 2.4-13% Ch -7z, £iz, TAATZL R D CI', NO,, NOy, =V,
g VAR TANTGR R, VA BROE R EITENEI 460, 3.3, 230, 230, 6.4, 1.8, 5.0, 7.6 mg/100 g
(flesh weight) T o7z, (2) B —2HEfEEZ MV, LRLD O EBRAERLIZEZA, BARMED BWbORGLT
(r=0.9970-0.9985) , £7=. LOD (% 0.051-0.16 mg/l T o7z, T AR T MK ZSHTLIZ L2 A, KENRFH, B — 71
FED RSD (n=4) IX, ZNZH1, 0.42-0.50%, 1.5-5.3% T o7z, £/, TAAT T D Mg™, Ca>', Mn*'| Fe', Zn*'®
EAH 9.0, 15, 0.51, 0.61, 0.21 mg/100 g (flesh weight) Th-o7z, BUE, 77745 Az IV, #bs 51 H oS Bt
RSS2 LS HEE L= T AR T T b a1 T> TS,

1. ARE® X, AL TIX, 777 B AiE O REZ 57
JESERNSI TSI Z7ITREEIE LT ARy OIS, Sy 7Y —Y — U ERIKENE (CZE) IZL DT A A

EELeN MO AEREHETSH Na" H2<&Tr, —77. TIUNROEWEE, TV, BRAT Y DE BIEA

ATEEIEIR O TN ROBD S H B LT AT Z NET D, DUNT, SRR A 2 LS ARET L2 7 A A

VREVIOBSENE B SN WD, TAAT T ME, $Es TIUMNDINBR S EERL, 777 EEREOEH

RFIZ NaCl{R IR & LB e 5, Tk 13, NaClIER Do) PEIZOWTIRETT 222 HET D,

27T BRI E ANTTAAT T M KRR LT
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2. ARAZE
2.1 FvES)—ERKIEOHE

Fig. 1 125% ¥ 7V —ERUKEIEE OB 274, £
TEA DOVKENK (BGE) s NPE 50~100 pm D7 22—
R U A% 7Y — (capillary) |2 BGE Z3ii7=9, &R\
T, FROF P T) — iz B A AL, 280
BGE ZasfllZIEL, sk v 7Y —PNIZ 592,
AUBHEAEE LTI, BB a2 /ol BGE ek —1E
Ref <D, EICIVE AT HEIE, /£l BGE %
EEIZIIT BN Gk BB 2R PN B AR & AE A
BGE &2sWEM (electrodes) & D24 HIMNL Toy
HrB A4 2B AT HEKMENERSHD, DVT,
FHROF v F7) —iia O BGE BesllREL., mEEE
JR (high voltage) (ZXV ., 245 BGE &4 OEMI 5
BEZEIINT 2, B OA L, FrETY—NTH
AT HERIREDE (EOF) BLOESKENZLDF 7Y
—NEBEIL, BRIKEREENE OE
— IR 2R (UV-VIS detector) IZ LD H ST
Do 2B, OB AREL T, BEXEEERHE, L —
Wbl a R AR 2305, B % EOF X5 oz
FRIZ 173> CitAL, £ DO RESIXERIKENE B E L K&
W, 0T, BRIKEBNEBNE O RE\WEA AU o DY
A, BH O EOF DORETIXMRHTER, HDVNIKE)
REEI DN R DEVOBE N BN D, £ZT, BGE 21
o RETE IR Z AL, EOF % i 5 By - /s 9
DIEPTOND, AL, T 7Y —WrmiZisiF 5 EOF
DOEFENFIEYE —THDHID, mWrBkfEE A5, —

(2L o TR,

¥ TV —NRB R L2570 | IR E N1
GyTIRNDS, ZIEDTZD | K FEA T A L PRMEE D
RBEINTWD,
2.2 B®HE

W SRR s a2 O DR RS LT B HE LT (direct

detection) &[22 (indirect detection) 7385, HiIE
X, WINAEF772720 ) BGE Z VY, I A RF Doy i

?‘éjﬂif‘%‘éo BEIL, W E o RO SRS LI

IXNL5AFEA BGE ITHINL BN AR5 7272\ il oy Ao [k

BN T 25 1ETHD,

2.3 PARTSURER

TAATZUNE, BT 7V HOF I L% e
DY NF Y AF T BOKEY) T D, Wl IR M
WL, k% 52 TR S ND, TR IR O TR
MR TR - SURR b E 2 T 2R 2 & e,

2.4 INETOMEKE

Hx X, EMHAPOLOBRESZ T, IRX7T75 LKA
I (TR IT7) O EOIEEIEL CoF AMEIZRE
FTHMGEEA T & D, ZORER, 777 & @ L TS
DD EREAHRIT, RO L COR A A
FTARZEEHOMICLZ, DWVWT, EBEAETICEEND
ERE Na I3 OEREIHT 508, ZhnaiBd 45
7oblc, B EEEREL O,

IHIT, 2010 R H , 775 EEARAE V., TR OVK
BHCIOT AT T IE LT, Theb b IX7T77 Kk
K57 B E — BRI —[EOFEIETT A2
FUNEITHEL , SN2 T A AT Z MO ESZRET

capillary (ID=50~100 pumn;

UV-Vis detector

electrodes
BGE

Fig. 1. Basic schematic of capillary electrophoresis (CE) instrument. BGE, background electrolyte.
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HEEBIT, AR IREA E & T HILIZEV 0%
AT, B X F =z he—/L (NaCl 3iR) . SAX7 777
KT Z 7B T D, L FIZGLN i RE R~ T,

O HES DT ARAT T NEEEEIL, TR O%
B KRB Z 7 MBIX Cldar ba—Lr0f) 12 5 Th
Y

QUL DT AAT T Ca” R, LRG0
B IRV BRX Tldar b — L0 1.3 5 Tho
Too — 05 KBEREE DS G L XTI X Clday
r—/L DK 1.8 5 TH-T-,

QUL DT AAT T M F IR, RGOS

B IRVGF X TClEar ha—L O] 1.6 5 THY.

KT Z 7B X TR 1.2 (5 ThoTe, — . KB
BOLE  IAXV7 7 MBEX Tlidar he— v of 1.5
B THoT-,

OUHERL DT ARAT T M Zo™ BEEIL, THEEE O
G IR R ORI Z 7B X Clriay br—u
DG Th Tz, — 7 KB OB E IX775
WX Tz ba— o) 1.1 fFThoT=,

OWR o —Ic&y, BSOS G IX7T77 KO
KBV Z /7 B CIIEER S B2 B, 27, Bk,
R2SFRVNZ LSRRI N3, BRI R o7
Mmool

OTHTART T % 10 NITREL THHo7282A, —
BBNWLWEEZ T ANBUL, IX7T 7 EX 6 A, K
o7 7 BRX 3 N, 2 hr—L 2 A Tho7e,

2.5 ¥ &

2.5.1 FARTSUMPDEHEE. 7I/BOTEE
KEFE AR’ 7) — X UkEEEE CAPI3200 % H

W, T =3V — A R T o — AR

T (A& 75 um, #ME 375 um, 2K 112.35 cm, FAEhE

100 cm) Tohs, pH JIEIIL, YA A% =—LAB pH

A—H— F-22 %A LT, SRR O BRI L 7ok

I, P MR WG220 BUfK SLEEE S L OVH ARIY

A7 84 Simpli Lab EHIKEOELHE IZ XL b DT

05D,

2.5 2 FARTSUPRDERBAAVDEE
XY TV —BRIKEEEEIT Ny~ e a— L —

P/ACE MDQ System T2, F¥tTU—(T—x /LA

T AT 20— AR VY (NFE 75 um, FME 375 um,

25 59.6 cm, A4E 49.3 ecm) THD, &AW FHEE A
7Z A= (ICP) %653 K504 (AES) 2Ei& & LT, B
ICPS-7510 % FV /=,
2.6 & X
2.6.1 FARTSUMPOEHEE. 7TS/BOEE
AT TR L2 O IEEROLIEICBTS
BGE (%, 1.0 M NaOH T pH 10.6 [ZF#EL7= 20 mM U
a7k T NID LOKERIRIZ, B A A FmEiE Al L L C
0.001% HAL~FH AR (HDB) 25U MNE 0.6 mM
{ET T F LIV RIAF LT =7 L (TTAC) ZIRINLT=Z
LD ThD, £7o, MHERLIEICEITS BGE X, 1.0 M
NaOH T pH 12.1 |[ZFH#EL 7= 20 mM 2,6-E VP ALk
VIR B A A FUETE A S LT 0.5 mM RAk
TFNVRIAF LT = L (CTAB) ZHRINLTZH DT
Do HEUEH LT, 50 mg/l CI', NO,, NOy, >=vfg, 7
TUMR, VT, TARTXE U, T VEI BRI A VRIR
LT, 723 BGE., fEER I N 201
0.45 um DAL T T2 T 4N — (T RS T 7 8 Tl
L7z,
2.6. 2 FTARTSUMNHDERBAFVDEE
BGE &L T, 20 mM WUARTVEEF RIT AIZ2 mM 1,2-37
AU T U EERE— KRR (CyDTA) & O 0-25%
AB ) —VERIMLIZHO, 20-75 mM TR EEF R 2
(22 mM CyDTA ZIRINUT-iaIRZ vz, F-, AR
#EL T, 5 mg/l Mg, Ca®", Mn®', Fe*', Zn*". 2 mM
CyDTA IBEIR AL,
2.7 HAMERARE
2. 7.1 FARTSUMPDOEHEE. 7I/BBOTEE
TAART TN B MK THREL, FyTF o _—x
— TR ERRELZ, 10.0 gZ&DEWY, HiK 20 ml &%,
BL U CHSERTE CMEL 72, LA TTV O 5L,
558 A TR Y045 pum AT T T4 —THgEL
R E LTz,
2.7.2 PARTSUMRDERBAAVDEE
TAATZUNA[ AR 15 ¢ BV, MK CHegL
720 K9 60°C THI 30 IR REIR L 7o, REIRLIZT A AT TR
#1045 g ZHEATTV ORIz, ZOHMEE 2 [FfTV, 15
LN EREH DR, ZON 030 g Z&VEY, 13 mM
HNO; % 15 ml A, 10 s E A L2, 0.45 pm AV
TIUT74NA— T, 8K 3 ml & 10 ml DART T A
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22 L, 10 mM CyDTA % 2 ml itk flik CHEERRE
bb¥T, o ME033 g2 =V, flk LG R fEE
FAWTINE SRR EA ATV, ICP Z85603 Y/ irik Tk
£rELT=,
2. 8 EERMEE
2.8.1 FARTSU DB, 7S/BOE=E
FLWF e ZY—d, AT 1.0 M NaOH T 40 47,
FIAKT 10 2385, LU R OEEEIC I ot 21T -7,
F9, [EEMAEE L 25°C ICRELZ, R ELLT,
190 nm A O* 210 nm (NO,’, NOy) # v /=, BGE &L C,
0.001% HDB %% e 20 mM UL ER/KFE TR L/KIR
% (pH 10.6) 225" 7)—(2 3 /3 IFEE LIz, DWT, 4
MR B 220 5 745 (50 kPa) (240 1 s(70 nl) FEAL,
ABHE AR Z aBiE LT 25 KV OEEZFEIINLZ, 728,
TARTZ ML, CI NOy, NOy' | &2V liA E &
FTHEEITIE 100 AR UT=H 0% 44T HEE e LTz,
IR VA TANRTX U VI R TR
T HEANTIE, AIRURWTEDOEEHHTL, UshnER 52
BRIFIL 2 512 IR L 72,

2.8.2 PARTSUMRDERBAAVDEE

£ HIREIR LA 25°C, MK REZ 200 nm (Z3E
L7z, O\ T BGE L C, 2 mM CyDTA Z & ¢ 75 mM 7k
DT NY LIKEERZF Y eI —IZ 3 Sy FREL -, 4y
M & B 220 5 |45 (3.4 kPa) (24 10 s (50 nl) FEAL.
EHE AR Z B LT 20 KV OEFEZFIINLTZ,

3. HEREER
3.1 PARTSUrhDEHEE. TS/BBOE=E
3. 1.1 &%

B R L R IR I OV TR L7z, B
ELTC, EHEEEDOS AT 190 nm KO8 210 nm (NO5,
NO;) . BB EEDSATE 270 nm Z V-, EEEE L
1M OIS E A =356 O30T B BIRR 7y O
HIFRR S (LOD) | vkBIIRF[H] | & — 27 [ 0D FH e A E AR 72
(RSD) % Table 1127579, Table 1 7HIALAVREHC, K
JE, FHMELY | EEOLED TR RWE RSN,
L72hio T, S R%ITESEYOCEZ WL EE LT,

Table 1. Detection limits and precision for direct and indirect detections

LOD, mg/l RSD, % (n=4)
Analyte (S/N=3) Time Area

Direct Indirect Direct Indirect Direct Indirect
Ccr 3.1 25 0.16 0.45 2.5 4.7
NOy 0.10 39 0.17 0.47 11 26
NO5 0.065 31 0.17 0.48 4.7 11
Oxalic acid 1.1 31 0.16 0.51 4.9 15
Citric acid 1.4 21 0.14 0.64 4.1 12
Malic acid 1.7 18 0.14 0.69 5.1 1.8
Aspartic acid 1.4 16 0.12 0.68 4.8 11
Glutamic acid 22 15 0.04 0.72 4.9 11

Electrophoretic conditions: capillary, L,=112.35 cm, L4 =100 cm, 75 pum L[.D.x375 pym O.D.; BGE, 20 mM sodium

hydrogenphosphate containing 0.001% hexadimethrine bromide adjusted to pH 10.6 with 1.0 M sodium hydroxide (direct)

and 20 mM 2,6-pyridinedicarboxylic acid containing 0.5 mM cetyltrimethylammonium bromide adjusted to pH 12.1 with

1.0 M sodium hydroxide (indirect); voltage, 25 kV with the sample inlet side as the cathode; wave length for detection, 190

and 210 nm (direct) and 270 nm (indirect). Sample, a standard solution containing 50 mg/l CI', NO,’, NO5’, oxalic acid, citric

acid, malic acid, aspartic acid, and glutamic acid; vacuum injection period 1 s (ca. 70 nl).
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3.1. 2 FBAAVREEUFIDIELE

EOF % AT 5720 DRGA 7 L FLmidE M O FRE D
FEIZOWTHRI LTz, B A i A e LT,
0.001% FEAL~FH AR (HDB) H50ME 0.6 mM i
LT TFF LIV NIAF LT o E=T L (TTAC) Z AV
BB DM B WISy O LOD, pRENRERE, & — 7 HifE D
RSD % Table 2 (27”7, Table 2 BB 72512, TTAC
DAL, 7B VA, TANTX W, 7 F
RO VKB O FHME HDB &L CilEd- T,
Fio, 7 BROY — RO BEMS E 0T, SHIT,

T NHIVERIZOWTIE, AR ED Sy B+ 53 T
MoTe, AT BIIA Y E TTAC EDORIT, IS OF BAE
FARBHDDOTITRDEEZLNDN, 5. sl R
THMERHD, 7235, LOD (22T, il S Al
IZDOWT, BT BBIRI ST, T S %I A4
FmEiEMEAIEL T HDB Z VWb e LT,
3.1.3 RER

AIEIZED oM B RISy DA DR R A B L
2o B ERROBENFHA KL OFHEILR 2% Table 3 (2R, 45
BTN, EARMED ROV BRI GESTZ,

Table 2. Effects of kinds of cationic surfactants on the detection limits and precision

LOD, mg/l RSD, % (n=4)
Analyte (S/N=3) Time Area
HDB? TTAC” HDB TTAC HDB TTAC

Cr 3.1 — — — —
NOy 0.10 0.074 — — — —
NO5 0.065 0.049 — — — —
Oxalic acid 1.1 0.82 - - - -
Citric acid 1.4 1.9 0.31 0.95 7.6 16

Malic acid 1.7 2.0 0.28 1.0 9.3 7.4
Aspartic acid 1.4 1.4 0.43 14 6.1 7.0
Glutamic acid 2.2 1.8 0.41 — 6.3 —

a) Hexadimethrine bromide; b) n-tetradecyltrimethylammonium chloride Electrophoretic conditions as in Table 1

for direct detection except for use of two kinds of cationic surfactant, HDB and TTAC. Sample, an extract from ice

plant; vacuum injection period 1 s (ca. 70 nl).

Table 3. Regression equations of the analytes

Regression equation (r, correlation coefficient)

X, concentration

Analyte

¥, peak area y, peak height (mg/1)
Cr ¥=0.630x-0.717 (r=0.9978) y=0.123x+0.535 (r=0.9874) 0—50
NOy y=2.58x+0.210 (r=0.9996) y=1.42x+0.116 (1=0.9995) 0—1.6
NOy 1=2.98x-0.496 (r=0.9993) y=1.27x+0.436 (r=0.9980) 0—16
Oxalic acid »=1.31x+0.168 (r=0.9995) ¥=0.531x+0.665 (r=0.9884) 0—16
Citric acid ¥=0.539x+0.917 (r=0.9996) »=0.132x+4.08 (r=0.9686) 0—350
Malic acid »=0.421x-0.501 (r=0.9985) »=0.233x-0.217 (r=0.9987) 0—60
Aspartic acid »=0.594x-0.129 (r=0.9991) y=0.316x-0.0848 (1=0.9987) 0—20
Glutamic acid y=0.541x-0.104 (r=0.9994) »=0.250x-0.0104 (r=0.9987) 0—20

Electrophoretic conditions as in Table 1 for direct detection.
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3.1. 4 PFARTSUM R

Fig. 2 1%, AL T RID 2oKER R 2 AV CREE L= 7 A A
I MR EARIEICED T LB oL heT n

(A)
1 4
190 nm
3
2
210 nm
L 1
7 8
Time, min

Absorbance
0.001 a.u.

75 8 T5, Table 41, TAAT T Mk A AR EIC K
DT LTZBR O34T B BIRK 53 Dk B IRER] K& OV — 2 Al
OFHNE, FIE, GH®Z2R~T,

Absorbance
0.005 a.u

L

(B)

190 nm

11 12

Time, min

Fig. 2. Electropherograms of an extract from ice plant cultivated using sodium chloride solution. (A) Sample, an extract from

ice plant that was diluted 100-fold. (B) Sample, non-diluted extract from ice plant. Identification of peaks: 1, CI’; 2, NO,; 3,

NO;’; 4, oxalic acid; 5, citric acid; 6, malic acid; 7, aspartic acid; 8, glutamic acid. Electrophoretic conditions as in Table 1

for direct detection.

Table 4. Analytical results of extract from ice plant cultivated using sodium chloride solution

RSD, % (n=4)

Analyte

Recovery, %

Content, mg/100 g (flesh weight)

Time Area
Ccr 0.46 5.5 120 770
NOy 0.40 5.8 75 5.7
NOy 0.45 4.0 120 110
Oxalic acid 0.47 4.1 110 160
Citric acid 0.31 7.6 93 76
Malic acid 0.28 9.3 110 10
Asparatic acid 0.43 6.1 80 3.0
Glutamic acid 0.41 6.3 100 1.9

Electrophoretic conditions as in Table 1 for direct detection.
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U2 THHEEZ BND,
3. 2. 2 BGE DR IEEF NI LEE
BGE HOARTEEF N T AREEZ 20, 50, 75, 100 mM

3.2 FARTSUMDEBAAVDEE
3.2.1 BGE FDA2/—/LiEE
BGE DA% )—/VIEEX 0., 5. 15, 25%E B bSHE7=

LTA 25%DA . MgHl Mn* e DAY BED S ES =N,

PRENIERT 234 30 43 & <772 (Fig. 3) . ZAUE, A% /—
NADPHAFTHZEIZEY, Znb& A4 & CyDTA LD
FEAEHAOBRINEL, ZEOFER, BB IZ N

(A)

(B)

©)

(A)

®

©

™)

1 3,4‘

5

—_—

1| 34
2 5 A
: -
1 3

h is n

Absorbanc

EEALESRTZEZ A, 75 mM DA Mg? & Mn? LD 45 BE

INYEESIL, K925 0 AN TR TOEBAA M T
7= (Fig. 4), 24U, 3B/ —>& BGE V' —12B1F5
B DENRELIRY HAE =T BAS TS,

0.002 a.u.

th

Absorbanc
0.002 a.u.

30
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Fig. 3. Effects of concentration of methanol in
the BGE on the separation of metal ions. (A)
Without methanol. (B) 5% methanol. (C) 15%
methanol. (D) 25% methanol. Electrophoretic
conditions: capillary, L,=59.6 cm, L4=49.3
cm, 75 um 1.D.x375 um O.D.; BGE, 20 mM
trans

sodium borate containing 2 mM

-cyclohexane-1,2-diaminetetraacetic acid
(CyDTA); voltage, 20 kV with the sample inlet
side as the anode; wave length for detection,
200 nm. Sample, a standard solution containing
10 mg/l Mg**, Ca*', Mn**, Fe*', Zn*", and 2
mM CyDTA; vacuum injection period 10 s (ca.
50 nl). Identification of peaks: 1, Fe’"; 2, Ca*";

3, Mg®'; 4, Mn*"; 5, Zn*".

Fig. 4. Effects of concentration of sodium
borate in the BGE containing 2 mM CyDTA on
the separation of metal ions. (A) 20 mM
sodium borate. (B) 50 mM sodium borate. (C)
75 mM sodium borate. (D) 100 mM sodium
borate. Sample, a standard solution containing
5 mg/l Mg2+, Ca*', Mn*', Fe**, Zn*', and 2 mM
CyDTA.

identification of peaks as in Fig. 3.

Electrophoretic  conditions and



IEERSCES NI ThDHEB 2 HILD, 3. 2. 4 FARTSUMDHHER
3.2. 3 BRER Fig. 5 1%, HAb TN oK AE MV CREE LT A
AIEZEY, BGE MW @BAA L OREMREIER A7 70 MIRERIECID LI RO =L 7ha T =
L7z, Mo ERAK% OFH IR SR Table 5 12737, 177 L ThD, Table 6 1%, 7 A AT 7 MlHHRA AREIC
BRI ONT, D RV ERFHZ, KO HTLIZBR D534 B RSy OVKBIRF[E] e O — 7 T
FROBBUE, BN, SHRERT,

Table 5. Regression equations of the analytes

Regression equation (r, correlation coefficient) x, Concentration
Analyte

Peak area Peak height (mg/l)
Mg* y=0.897x-0.187 (0.9985) ¥=0.971x-0.0151 (0.9999) 0—10
Ca* ¥=0.503x-0.0205 (0.9984) ¥=0.594x+0.0636 (0.9994) 0—10
M2 1=0.564x-0.0866 (0.9979) ¥=0.700x-0.112 (0.9977) 0=35.0
Pt y=1.06x-0.176 (0.9974) y=2.44x-0.249 (0.9986) 0—5.0
7Zn*" ¥=5.20x-0.0181 (0.9970) ¥=3.99x+0.00452 (0.9961) 0—1.0

BGE, 75 mM sodium borate. Other electrophoretic conditions as in Fig. 3.

Absorbance
0.002 a.u,

al
. [V A 5
e N L"'Q'M—‘_.J-k_./'\-,._f}'\.n.""‘ v ‘\. .o-—-.—.-ﬂ'\-" L

l | | |
10 13 20 25
Time, min

Fig. 5. Electropherograms of an extract from ice plant cultivated using sodium chloride solution. Electrophoretic conditions

and identification of peaks as in Table 5.
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Table 6. Analytical results of extract from ice plant cultivated using sodium chloride solution

RSD, % (n=4)

Content, mg/100 g (flesh weight)

Analyte Recovery, %
Time Area CZE ICP-AES
Mg* 0.50 1.5 90 9.0 8.4
Ca** 0.48 3.1 93 15 19
Mn** 0.50 3.5 120 0.51 0.57
Fe** 0.42 3.3 110 0.61 0.29
Zn** 0.46 5.3 87 0.21 0.077

a) The sample was diluted two times. Electrophoretic conditions as in Table 5.

4. WERESEDRE

CZE \ZIBTART TN OERER, 7M., @A
TV ERIEEMENL CETZ, BUE, 7777 LR EE A,
MRS 20, KRR A2 Z(LSETT AR T T M
HEEHThD, IR, REIZED, TARAT TN ORH
Bk, 7, BRAA L EEEL, 777 EEBIEOR
B OERE ORI IO CTRET AT ETHS,

B

ARWFIENZ B R TEE E LA MEE A Vb A
AFFENICBALR L B ET, 2, REBRICH TE
Wiz, BHARTRANVARNT 77U (BR) O 7)1 BER K OART
D ERTHIERR O IRES S 2 K OV H mth— BB AR
L BT,
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Determination of Organic Acids in Ice-Plant Using Capillary Zone Electrohoresis
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Summary

We developed a capillary zone electrophoresis (CZE) method with direct UV detection for the determination
of CI', NO,", NOj’, organic (oxalic acid, citric acid, and malic acid) and amino acids (asparatic acid and glitamic
acid) in ice plants (Mesembryanthemum crystallinum L.). As the background electrolyte, a mixture of 20 mM
disodium hydrogenphosphate adjusted to pH 10.6 and 0.001% hexadimethrine bromide (HDB) was used for the
direct detection of the analytes. Calibration graphs for the analytes were linear using both the peak area
(correlation coefficient, r=0.9980-0.9997) and peak height (r=0.9834-0.9998) as analytical response. The limits
of detection (LODs) were 0.035-2.6 mg/I at a signal-to-noise ratio of three. The values of the relative standard
deviation (RSD, n=3, intra-day) of migration time, peak area, and peak height were, respectively, 0.26-0.58%,
3.1-16%, and 2.4-13% when extracts from ice plant were analyzed. The concentrations of CI', NO,’, NO5’, oxalic
acid, citric acid, malic acid, asparatic acid, and glitamic acid in ice plant were 460, 3.3, 230, 230, 6.4, 1.8, 5.0, and
7.6 mg/100 g (flesh weight), respectively. The proposed method determined the above analytes for 12 min. We
also developed a CZE method with direct UV detection for the determination of metal ions such as Mg*", Ca®",
Mn*, Fe*', and Zn*" in ice plants. The following optimum conditions were established: capillary, L, =59.6 cm,
Li=49.3 cm, 75 pum LD.x375 pum O.D.; BGE, 75 mM sodium tetraborate containing 2 mM
trans-cyclohexane-1,2-diaminetetraacetic acid (CyDTA) (pH 9.2); applied voltage, 20 kV with the sample inlet
side as the anode; detection wavelength, 200 nm; pressure injection period of a sample, 10 s (50 nl). Calibration
graphs for the analytes were linear using both the peak area (correlation coefficient, r=0.9970-0.9985) and peak
height (r=0.9961-0.9999) as analytical response. The LODs were 0.051-0.16 mg/l. When extracts from ice
plant were analyzed, the RSDs for migration time were 0.42-0.50%; the RSDs of peak area were 1.5-5.3%; the
RSDs of peak height were 2.2-12%. The proposed method determined the above analytes for 25 min. The
concentrations of Mg2+, Ca*', Mn*', Fe*', and Zn*' in ice plant were 9.0, 15, 0.51, 0.61, and 0.21 mg/100 g,
respectively. We intend to analyze ice plants cultivated with different irradiation time and different color of light

using supernatant solutions of jellyfish.
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