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AR, AETEER O PR, MUBHE T & O %
HITBTAARATT Vb (Mesembryanthemum crystallinum L.)
EVIHYBEEMEHIN TS, TA AT T ¥ MIERD R
WEW D DA, TAATT Y PHRORERSICD
WTIHIF & A EREN RV, —BIIC, B o mRERE A
v, AR TIBMEERTHILICLD, IFEOK
DR EFIITE 2", AW 4 Q) 3HEK 2
TRE IOV, 7T U ) v TRRIEREE, T AT ¥
B, Vs I VBIIRERICHES TS T, BRI oMmEE
A+ v aEETAhZ e, EEELIHET57-010E
HTHbH, 72k 2, WEEOZEITCICL ) AT S HAER
Wik, B OUWETHL= a7 I VAEEORKE %
%Y. L72hoT, TAATT Y hoHMEA + ~
(NO,™), HlEA + > (NOy ) 2EETHLENH L.

B, TS0l RAFYr7a~x 757 4 —mk
ko< by I 74—k ERSATOE R, B
¥POMEEREA 4 ¥, AR 7T I/ BOERIZOVTO
WA, —7, IV Soga bOF ¥ E T —
Vv — VESRIKENY: (CZE) 2 X B MEERa A 4 >, HHEIR
7B HO—FONE RS E, BEROINSK
SOREEERIZOVTHRE LTV, ZOHETIE, %4
WA E D2 26- YUY I HVKIB (PDC) % ikE)
i (background electrolyte: BGE) & L 7= B3ROt H
WHNTWA, LaL, BEREANTICBITAIRN=ZTF 4~
DEEN R IR B VTRV 2 F 7 % NO,
NO; bERET LI L E2FET L L HBEVNEDO I PEF
LWwEEZbh5.
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FYET) —BRKBEEELLT7+ b4+ —FT L
A Beth &8 % 4 2 72 KB BT CAPT-3200 = V72, F v €
F)—EV—INVFA VAR T 2 - AR YAE (&K
112.35 cm, A%IE 100 cm, W 75 um, #HE 875 pm) T
» 5. pHIEEIZIE, S RIET A 2 4 = — LAB pH X —
5 — F22 % vz

2:2 #

AT RTHR M L7z, B A 4 » FmisTk# <
HHEALT PFTTFTYIVMYAFIVT Y EZT A (TTAC)
R LR, BbAFH T X by~ (HDMB) (3
HIGATFAZH, BALEFVEYAFLVT Y EZT A
(CTAB) 1% Sigma-Aldrich # % L7z. BGE £ LT, 20
mmol L' YMAKFZF +J 724 (1 mol L' NaOH T
pH 10.6 {Z#%) 120.001 % (w/v) HDMB Z &ML 7z %
» (BGE (A)) ZHW/=. pH % 10.6 & L7zDiE, P
BRofEgt, 10.6 2HHME, BREZEOBHE,ISRETH 07272
DTHA. B, BHEEOLD L OMBIEEEO KD 7-012,
20 mmol L™' PDC (1 mol L™' NaOH T pH 12.1 |2 7 %)
(20.5 mmol L™' CTAB % &/l L7z BGE (BGE (B)) %ff
L7, fEEERE LT, 50mg L' Cl°, NO, , NO; ,
YavlR, JIUEE, VYO, TANRTXFUW, TIVY
I VERE AR L AEBRTHEAL2MKE, Yk
Pl R WG220 B R RGE R E R T AV 7 I K7 R
Simpli Lab BHMUKEERKEICL VHRONZDDOTH L. %
B, BGE, EMEHF, 74 AT 7 ¥ ML HFNIC
045 UM DA YT 5V 74 VF— (T RNV Fy 2 8) T
P L7,

2:3 7ARXTZ72 MAHKEOHRERE

G2 TAXATT Y MEHART KNV A N7 7))
THIESNZDORMHA L. 00 B S o, 8
ILOWEICHESWTIH 572, Thbh, 50mL E—%—
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Table 1  Effects of kinds of cationic surfactants on precision
RSD"/%
Analyte Time Area
TTAC HDMB TTAC HDMB
Cl™ 0.25 0.083 3.1 1.8
NO,~ 0.26 0.081 31 3.8
NO;~ 0.26 0.12 1.3 0.28
Oxalic acid 0.28 0.12 4.3 1.9
Citric acid 0.95 0.31 16 7.6
Malic acid 1.0 0.28 7.4 9.3
Aspartic acid 1.4 0.43 7.0 6.1
Glutamic acid 1.4 0.41 — 6.3

a) Electrophoretic conditions: capillary, L, = 112.35 cm, Lge. = 100 cm, 75 pm LD. X
375 um O.D.; BGE, 20 mmol L™' disodium hydrogenphosphate dodecahydrate
adjusted to pH 10.6 with 1 mol L' sodium hydroxide containing 0.6 mmol L'
tetradecyltrimethylammonium chloride (TTAC) or 0.001 % (w/v) hexadimethrine
bromide (HDMB); voltage, 25 kV with the sample inlet side as the cathode; wavelength
for detection, 190 nm for Cl~, oxalic acid, citric acid, malic acid, aspartic acid, and

glutamic acid and 210 nm for NO,~ and NO; ™.

b) Sample, 100 fold diluted extract

from the common ice plant (Mesembryanthemum crystallinum L.) for C17, NOy,~, NOs~,
and oxalic acid and non-diluted extract from the common ice plant for citric acid,

malic acid, aspartic acid, and glutamic acid; vacuum injection period, 1 s (ca. 40 nL);

four determinations.

WCT7ARXRTT 7 bMilB100g 2D, SHICHLT2ME5E
L2 MK 20 mL 2R, PAEMELZIBIGEEIE L7012,
REFET LV vV CTlbBENGE TME LA kT, 7k
WL TTDE L% Pl MmESEodhitm & g
L, TAAT T ¥ MbEEPICEEREO CL PEEhs
ZFD7z, C1, NO, , NO, , ¥ EEE K OTMNIX
FERIEE, oM E 100 fF5ICHER LA /2, 72
B, VYyIW, TANRGIEUE, VI VBEREIA
R, wInmIN SRR 2 RIS Lo L7z

2:4 TEEHREE

FLFr T —OBEIZIE, BEEEEE: (50 kPa)
WD Fvy¥E5) —2HMAKT5%, 1 mol L' NaOH T
40 45, #IKT 1047, BGE T 15 0¥k L7z, 5T DB,
FEICBGEZ ¥ v ¥ 5 =123 L, Hbl % H2205]
% (50 kPa) 2L D 18 (40 nL) {EA L. 0%, R
FiEAMZEmE LT RVOEEZEML 2. Bl
(74 M AF—FT7 LA 1IZBL TIE, 190 ~400 nm
DOWRHFATITo72. BGE (A) ZAWVBEREBOLHEICE
FAYE—ZRTE, G, vk yI UM ) VTR
TANRGEURE, FVE I UEEIZOWTIE190 nm, NO,
NO; {22V T 210 nm DHFEETIF>72. —H, BGE (B)
Z 72 HBEEE T, 270 nm O FE TEOH B I
GOY— IR EA T2 b, HEEAEEE 25 T 2%
EL7.

3 KiRLEL

3-1 [EA# > FREEMEH

— MRS, CZE X BFaA F W1 TLd 5hT R 148
72%, BGE IZBsA 4 Y FHEGEHAZHRML, BRIRER
(EOF) # i &+¢5. #2°C, BGE (20 mmol L'V V&
RFETF B 7 AR 120.6 mmol L™ TTAC 2N L
72354 & 0.001 % (w/v) HDMB Z iR L7234 12onwT
g L7z, EEERRSHTTIE, TTAC, HDMB Wi ol
HLROCEREEIEONZ. AL, TAATT Y Ml
WAFIIBWTIX, TTAC D4, SHEE ST LI
IRENE R 25 2 12 < 2 ), Table 1 1/RT & 9 ISk EIE
MOFBBREDMET Lz 2hid, S8V % Rosells 5 b [
BoMEzLTB), BEhOESEFYET ) —RELD
MHEAERICE b0 EZ NS, 72, NO,, 7 VR
O — 7 MBROFHRENTEL, ZVF I VBOY -7 553tk
FRAOE =7 L asnid o7z, —J7, HDMB O
&, WERMOFBEEIIRIFTH -2, iU, EOF Kiix
HFAK X v HDMB" 2T 5 2 & T, Lo
MHAEHP MR S hzo #2505, Lo,
WA 4 > REEME# & LT, HDMB % BGE ISR 5
L7

3.2 FBEEIE & OMRBFEO LR

BEWORIEIC X 2 ARk & MEWOGIEC X 20k Lo
BIEE 2 e L 72, BRI E 0T L 72Bfoo 2L 7 b o
71077 A% Fig. 1WIRY. HEWOLE (Fig. 1 (A) @
Yy, MEUOEDE (Fig. 1 (B) LML, "—ZF4 ~
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PEELTEBY, NO, , NO;, , YavEOY— 7B,
FNENM 5.7, 4.3, 205 TH o 72, BB K ORI
WYEEENC BT 2 Ik, & — 2 1 R o K R A A
(RSD, %), MRS (LOD, S/N=3) #% Table 2 |78
F. KB, ¥ — 2 WmREO RSD i, &M oW TIERE
WSEE o H S EEBOLEE & ) /S <, LOD X6
OFFHERSE L D b 3.5~580 Ko7z, Lizdto
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(B)

N
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Table 2 Precision and detection limits for direct® and indirect
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3:3 PARXRTZ2 OB
RECLOVREBREZERL, 74 ATT ¥ MROZRSD
ERLZ. TAAT T MIBEEZ G L7ZBRICE SN
7ozl 7 bua7xusF A% Fig 2187, Fig. 2 (A1) &
BEE LT100fEHRLZ7A 275 v Ml E v,
190 nm DFERTCl, Y2 TBOY -2 & LIzBo
L7 b 72075 0CThb. Fig. 2 (A2) XD
ZHV, 210 nm DFEETNO, , NO;, DY — 27 Z M L
oL e 7 2ur 548 THSH. PFHRE 190 nm 2B
FACT, YavBRoY—2r531E, 210 nm O¥E & R
L, ZhENH 19, 778 TH-72. —77, 210 nm T,
190 nm DA EHE L, NOy ¥ — 27 B &XIFIZFEET
Holzh, R=ZAFA4 Y OEHI/PKE L, NOy, DE—T &
i, 190mm OHBEOM1ISETH -7z T2, a,

Fig. 1 Electropherograms of standard solution with
direct UV and indirect UV detections

BGE: (A) 20 mmol L' disodium hydrogenphosphate
dodecahydrate adjusted to pH 10.6 with 1 mol L'
sodium hydroxide containing 0.001 % (w/v)
hexadimethrine bromide (HDMB); (B) 20 mmol L'
2,6-pyridinedicarboxylic acid (PDC) adjusted to pH
12.1 with 1 mol L™ sodium hydroxide containing 0.5
mM cetyltrimetylammonium bromide (CTAB).
Wavelength for detection: (A) 190 nm; (B) 270 nm.
Sample: (A) and (B) standard solution containing 50
mg L™! Cl7, NO,~, NO,~, oxalic acid, citric acid,
malic acid, aspartic acid, and glutamic acid.
Identification of peaks: a, C17; b, NO,"; ¢, NO;s~; d,
oxalic acid; e, citric acid; f, malic acid; g, aspartic acid,;
h, glutamic acid. Other conditions as described in
Table 1.

") detections

RSD /%

Analyte Time

LOD (S/N=3)/mgL™!
Area

Direct Indirect

Direct

Indirect Direct Indirect

Cl™ 0.21 0.44
NO,~ 0.20 0.45
NO;~ 0.24 0.42
Oxalic acid 0.23 0.43
Citric acid 0.20 0.47
Malic acid 0.23 0.54
Aspartic acid 0.13 0.56
Glutamic acid 0.15 0.63

2.9 5.2 2.9 11
5.0 5.8 0.069 40
0.80 2.5 0.040 10
0.53 7.0 0.96 11
0.36 12 1.9 9.8
0.67 3.9 2.5 8.7
0.11 6.5 1.8 9.7
0.61 7.2 2.2 9.2

a) BGE, 20 mmol L™! disodium hydrogenphosphate dodecahydrate adjusted to pH 10.6 with 1 mol L™! sodium hydroxide

containing 0.001 % (w/v) hexadimethrine bromide (HDMB); other conditions as described in Table 1.

b) BGE, 20

mmol L™' 2,6-pyridinedicarboxylic acid (PDC) adjusted to pH 12.1 with 1 mol L™' sodium hydroxide containing 0.5 mM

cetyltrimetylammonium bromide (CTAB); other conditions as described in Table 1 and Fig. 1.

c) Sample, standard

solution containing 50 mg L™!' Cl7, NO,~, NO;~, oxalic acid, citric acid, malic acid, aspartic acid, and glutamic acid; four

determinations.
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Fig. 2 Electropherograms of extract from the
common ice plant (Mesembryanthemum crystallinum L.)

BGE: 20 mmol L' disodium hydrogenphosphate
dodecahydrate adjusted to pH 10.6 with 1 mol L™*
sodium hydroxide containing 0.001 % (w/v)
hexadimethrine bromide (HDMB). Sample: (A-1)
and (A-2) 100 fold diluted extract from the common
ice plant; (B) non-diluted extract from the common
ice plant. Wavelength for detection: (A-1) and (B)
190 nm; (A-2) 210 nm. Identification of peaks: a,
Cl; b, NOs; ¢, NO; ™ ; d, oxalic acid; e, citric acid; f,
malic acid; g, aspartic acid; h, glutamic acid. ~Other
conditions as described in Table 1.
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NO, , NO;~, Y2 UBOIHT, ThEhDOY -7 HR—
AT A4 VAEES, 9 DINICHIEE . B, Ihb
B DOENEIX, BRABOYI2AL—YaryV T N TH
% Peakmaster 5.3 12 X B EH L —F L7, Fig. 2 (B) &,
HEELTHERL T EWT A AT 5 v Mz v,
190 nm OPWRTr UV, ) VI, TANRT I U, 7
VI IVBOY -7 2T Lol 7 bu72urs g
ATHD., 7TV, VIR, TANTEUW, TS
IVBOIET, FRENROE—I7HPR—2 5[ Vs
N, 120N ESRZ ChOBESOKREIED
Peakmaster 5.3 |2 X A5 & —F L7, %38, Peakmaster
5.3 %, VY I VBRY—ZOHEROY — 71250\ T
MR L7-. ZOE, ZoOE¥—213, ZORBEIENIS YA
FUTRBEWIEEZ SN, S, EBRIZX VBREEYT
LUENRHDL. BB, INVIIVBEVAFVEEZLR
7Y — 7 OSEEIR 1.4 TH Y, FoISEINER S
2. BRSOV — 7 EEE IV IRERONESR, 74 A
T M oEER, BMEINFEEIZ BT S B E
Table 3 IZ7" 9. HREMOMMREIL 0.9980 ~0.9998 & %
D, EREORWOFEL N T2, BUERIE 75~
120 % TdH o7z, NOy, OEIEDI 75 % LKVDIE, 74
277 v M O NO, BEMNKW 2D EEZ LR
5.

4 #E El

EEWEEEHWACZEICL D TAATS Y bHOE
BB A v, HHERE, T BOERERE. L2 ARk
FPER O MR X ) B, REE bERTBD
TARATT Y PHOINORGERICEHTHEEEZEZH
N5, SHIZFERFELTCA 24 ELTA AT TV
N EOHT L7z, EREE S >, GHEE, 73 VBOM
BERDPHEETH - 722, QT EHEEFD R VWEEIZOW

Table 3 Regression equations, analytical results of the common ice plant (Mesembryanthemum crystallinum L.),

and recovery®

: d

Analyte COnfs;ltII;a};OH/ Regression equation” (correlation coefficient) n?go/nlt(;:(;ltg/c) Recox‘;/ztry '/
Cl™ 0-60 y = 0.683x +0.358 (0.9987) 460 120
NO,~ 0-1.2 y = 2.42x +0.295 (0.9980) 3.3 75
NO;~ 0-12 y = 38.33x +0.135 (0.9996) 230 120
Oxalic acid 0-18 y = 1.48x +0.319 (0.9993) 230 110
Citric acid 0-90 y = 0.566x +0.394 (0.9998) 6.4 93
Malic acid 0-30 y = 0.421x +0.128 (0.9997) 1.8 110
Aspartic acid 0-12 y = 0.621x +0.0937 (0.9988) 5.0 80
Glutamic acid 0-12 y = 0.581x +0.0173 (0.9982) 7.6 100

a) BGE, 20 mmol L™! disodium hydrogenphosphate dodecahydrate adjusted to pH 10.6 with 1 mol L™! sodium hydroxide

containing 0.001 % (w/v) hexadimethrine bromide (HDMB); other conditions as described in Table 1.
regression equation, the x value is the concentration of analytes and the y value is the peak area.

b) In the
c) flesh weight.

d) Sample, 100 fold diluted extract from the common ice plant adding 10 mg L™'Cl, 0.20 mg L 'NO,7, 2.0 mg L !'NO;™,
and 3.0 mg L™ oxalic acid and 2 fold diluted extract from the common ice plant adding 15 mg L™! citric acid, 5.0 mg L™*
malic acid, 2.0 mg L™ aspartic acid, and 2.0 mg L™" glutamic acid.
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We developed a capillary zone electrophoresis method with direct UV detection for the
determination of inorganic anions (Cl°, NOy , and NO; "), organic acids (oxalic acid, citric
acid, and malic acid), and amino acids (aspartic acid and glutamic acid) in the common ice
plant (Mesembryanthemum crystallinum L.). As the background electrolyte, a 20 mmol L'
disodium hydrogenphosphate dodecahydrate solution adjusted to pH 10.6 was used with the
addition of 0.001 % (w/v) hexadimethrine bromide to reverse electroosmotic flow. The
detection responses for the above analytes were improved by 3.5 -580 fold in terms of the limits
of detection (LODs, S/N = 3) in comparison with conventional indirect UV detection. The
LODs for the analytes were 0.040-2.9 mg L™'.  The values of the relative standard deviation
(RSD, n =4, intra-day) of the migration time and the peak area were, respectively, 0.081 -
0.43 % and 0.28-9.3 % when extract from the common ice plant was analyzed. Using the
proposed procedure, C17, NO,~, NO;, and oxalic acid in the common ice plant were detected
within 9 min; citric acid, malic acid, aspartic acid, and glutamic acid were detected within 12
min.

Keywords: amino acids; capillary zone electrophoresis; common ice plant; inorganic anions;
organic acids.



