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Determination of Dehydroacetic Acid in Six Species Key Foods
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Abstract: The electrophoretic, chromatographic and sample pretreatment conditions for the previously established micellar
electrokinetic capillary chromatographic method (MEKC) in our laboratory and the liquid chromatographic (L.C) method of
the national standard were improved for the analysis of dehydroacetic acid (DHA). DHA in six species key foods could be
accurately assayed by both of the two improved MEKC and LC methods. The analytical results could provide a basis for
reassessing the risk of DHA and revising or resetting the permitted levels of DHA in six species key foods. The limits of
detection and quantitation for the improved MEKC and LC method were 0.2, 0.5 mg/L and 0.05, 0.2 mg/L, respectively.
The recoveries of the spiked blank samples of the six species key foods were in the ranges of 81.9% ~116.0% with relative
standard deviations ranging from 0.4% to 7.3%. 284 food samples were analyzed by the improved MEKC method. None of

them exceeds the permitted levels. Forty-five samples were determined simultaneously by the two improved methods. The
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results of 20 positive samples were compared which were in agreement with each other. Both improved LC and MEKC

methods have the advantages of simple sample pretreatment, which is suitable for routine analysis.
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R VA VBB ) B2 0 s AR AS 45 B A ) A8, T FL Y R v
FOARMAE . CE k1) [ RE R P B 4% i 28 I
B I

AR SCHCHE T SCHRT 16 v e o HR 3l 6 A4S (0 3%
( MEKC) A1 EFr o DHA I 5E (8 LC 51943 85 Mok
i AL B AR 8 VR b S0 S %) T 9k 24 R TR A T
6 JEH A Y DHA. %3 R Pk | e LR
YERTER A58 A 5 ALSE 0 % K S o
1 RIEEBH
1.1 Us=5iH

Beckman P/ACE MDQ %Y 35 20 4 1 3K AX B %
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D50 wm AR ZE Kl A 9B (ALK AR BT
TERAE BN 7)) 5 Milli-Elix/RiOs 48 4fi 7k 43 ( 25 [
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Sigma-Aldrich ) ; £ F§ A1 H B ( 4 i 46, Fisher
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(rdral, J st fb s A ) .
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311, B HF 4% 29 14, B TR Besessiil il 22 1.

1. 2 MEKC i%HJ 10 g/L frEME&E &

FREL 100 mg DHA A1 113 mg DHA-S, 705 & F
10 mL 2, 43 B A B Sk e Fike
KRR, BT 4 CUKRIRAT.

1.3 LC#EM10 g/L WA R KRBRMKES 2]
RAEE SR

A3 AIERAFR B L AL R AR H R 45 100 mg, 4351l
i G R FRE ERE 10 mL, IRHERA, BT
4 °CUKAEARAE. 10 ¢/L DHA F1 DHA-S #5655
e 1.2 Wikl
1.4 H&ALE

P SCHR[ 17 ] P i A A B ik, R
0.3 g MM E T 1.5 mL B4 inA 0.3 mL {4l
NaCl W, W BETR 215 A 0.7 mL Z I, i e iR
) A HEI 10 min, 9 000 r/min &0 5 min, 772
JEBUL)Z ZHE 10 WL, A 190 L. # & B, TR
A)fEbRE. Hop  MEKC 35 (R AR B : 1.5 mmol/1,
P+ 6 mmol/L #ifZ , LC HERORE LR R . K.

1.5 Bi#H MEKC &%

EBYE . RIREAEEME, P50 pmx70 cm

(AR 60 em) s #AEIRE 25 C ;70 B PIA
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15 mmol/L #i#F+ 60 mmol/L % +140 mmol/L SDS;
ITESHL R 26 KV HERE K 1 Kt [E] 3.45%107° MPa,
28 s; KU 228 nm; TAEHL 46.6 wA Z245.

B B A P SCHR [ 17-20 ] D7 VA T A B
1.6 LC&#

O A i 2 1 - (8335 HE Techmate C (100 A,
250%x4.6 mm,4.6 um) ;Wi s AN g 15 mmol/L
IR +20 mmol/L BEMR — &84 (AL} 30 = 70) ,
SEPEVERE ; W o 1 mL/min ; K237 K 307 nm; FER
40 C ;£ 10 pL.

EFR LC &1 it C g (4.6 mmXx 150 mm,
5 wm) s FENFE A EE 20 mmol/L PRk (AR 1L
10 2 90) , %5 BE VR ; Wi . 1 mL/min; &0 3 K .
293 nm; FEi .30 C ;AR 10 plL.
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MAER IE T H AR SR BE I A SRk [ 16]
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SCHRT 16 ] T FH 43 B8 28 v i W b SDS k&
100 mmol/L, F FAMFFE i SEBRER S 4 HT B, & LA
FEFETTHE. PRFE B 2 0 W 60 mmol/L iR
K 15 mmol/L Wl &6 A 4%, X 5 T 100, 120 F1
140 mmol/L SDS X} S FRAF it Ht DHA 4315 (1) 52 il
SN 1 R, L5575 TR B R SR SDS
A4 9% BE 8 140 mmol/L. FEMLUE T R AW FE 4 B
(1) 284 {4 SEBRAE a4 & BT
2. 1.2 R A AL

A B[R] R T 400 104 53 B 8O R RN R SR A W 2
SR, 55T HERE R R HF 3.45%107° MPa ANAR
TEBLR , PERERFE] 4350 10,20 .28 F135 s Y438
ROR G5 NE 2 Fs. B 2 A] UL Bl AR ] Y
BT, AR G T AR I . AR E— R R
MEFH KL 1% ~2%"" ,ffi ] CE expert #1431
B IEREITIA] 35 s B, RS X N T Y 2.8%,
o FEEIY R T, 73 B Bl /. HERE 28 s B, B
i DA R KR 2.01%. S ESERERTE] A 28 s.
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1 SDS R EX KRS DHA 5 EHIR 00
Fig. 1 Effect of SDS concentration on separation of
DHA in real samples
(a)140 mmol/L, (b) 120 mmol/L, (c¢) 100 mmol/L
Separation buffer: 15 mmol/L sodium borate+60 mmol/L
boric acid+ x mmol/L SDS
Peak: (1), (2) unknown, (3) DHA
Capillary : 50 pmx70 cm ( effective length: 60 cm) ,
Separation voltage: 26 kV, injection pressure and
time; 3.45x10° MPa for 28 s, detection: 228 nm,
temperature ; 25 °C
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Fig. 2 Effect of injection time on separation of DHA
(a)35s, (b) 285, (c) 20s, (d) 10s
Separation buffer: 15 mmol/L sodium borate+
60 mmol/L boric acid+ 140 mmol/L SDS
Other MEKC conditions and specified peaks were

Absorbance/AU

the same as in Fig. 1.
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REELLIEREA B DHA MFE & — IR B 58 0.005
i‘,ﬁéunﬂjﬂ:fT B URERE 111 S R ECRT , FE

RO B 1.192 g BT, BUL _EF RS R
S D BERA 0.799 o, MIBCH B S (L
JiE) B B M 2 1.192 g-0.799 ¢=0.393 o. i i A Y
0.70 mLZ G BUR Tt 0 0.544 ¢, WIBR B AE 45 N
I N 0.544 ¢-0.393 g=0.151 g, kBN
0.151 g/0.544 ¢=28%. H455 “IRFEHG 5 — IR
PR IE I A EL , FL %R 52/176 =30%. P4~ HLAB)
FH2E 2% , Uk B 20 — R 3R UL 2% A 16 B 2 B
0, AT DL BRI DA A — Uk A LA AT 5 4 i B
H1() DHA.

B 1134 FF S 4 IR, A 15 B0 45 6 0 o
1.195 o R HCSE , B FIE WS A i 5 8048 B
TN 0.840 g, MIHLH 1Y FiEW (L HE) 1 &>
1.195 g-0.840 ¢=0.355 g. MiIARY 0.70 mL LHH%E
U iRy 0.544 ¢, WIER BAFESE N B S B it Ry
0.544 ¢-0.355 g=0.189 ¢, 5% 1L M 0.189 ¢/0.544 ¢=
35%. 455 R BEHCT 5 1 YR B B A TF 0 1T AR AH
Eb, HER N 53/150=35%. W4~ HL @A TR, 10 BH 25—
UCHEHRI AR DHA $EHCE 4.
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W, 8 T 8UE W LUK DHA-S LA DHA #TE 5K
B SRR R B SR B B R BE YA 10 ¢/L 1)
DHA HRUEI 2580 F DHA-S A5 i I 45 W B 100 135
J& o3 AIE 140 WL T A BRI 25 AR A R, 35
L A5 A RS AR I, 25 SR n (5] 3 . f (]
3 A UL, DHA F1 DHA-S %5 2 45 5 — 2, Ui B X Fh

HiALH 7 ik BE A% FF DHA 5{ DHA-S 1R & 19 42 B
K. DL 22 DA AR i 20 50 iR 2 B A
S AT AL BRI A G AR AT NaCl ¥, 52 R AR /9
S DHA-S e 28 LSS R Y AR 32 B 05 2, A
T RE A 4 v
2. 1.4 FRifENER LM Bk R e PR

FEMCHE ) MEKC 2514 F , {8 H 2 6 F DHA 1
M (10 mg/mL) BB, BLHIR A An MR,
HF A 4 W) 10,2040, 80, 120,200, 400 .
800 .1 000 mg/L, #& J& HUAEA™ Vi B TR & Fm 1 V45 W
10 L, FRIIA 190 wL A5 ot i T, e g TR 2, T ol
Ji%.0.5.1.2.4.6.10.,20,40 .50 mg/L pRifE R 51, fRIE
FEANFRE W H Y 5 5% 2. SR IR IF 6 T AR Ak
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Fig. 3 Extraction results of (a) blank sample,
(b) sodium dehydroacetate and (c¢) dehydroacetic acid.
Other MEKC conditions and specified peaks were

the same as in Fig. 1.

bk BIEWETH AL (A) 5 EHE (p, mg/L) B
ARIFAME SRR, LR IH 7 # A=122.219 +
6.272 PTG 0.5~50 mg/L, #HERE () R
0.999 9, K HiFR A 0.2 mg/L, EHFR N 0.5 mg/L.
2. 1.5 HEKEE

ST PEATRREL 7 403 S | B | S PR R
S5 VEME A RS BT 2SR R A BT
1.5 mLEGDAE W 4% 1. 4 kb AT Ab B, 78 el o 1)
MEKC 5 F BRI E | 185 i SOaE R R
[i] B AR AR 22 (RSD) |, J7 A5 2 BE ANk 1 frsil.

F1 Ki#HA MEKCENE 6 KESARMF
DHA 7 EMEEE (n=7)
Table 1 Method precisions of DHA in 6 species key food
samples by improved MEKC method (n=7)

Bes BEE R RSD TR
/(g/kg) /% RSD/%
JHR 0.46 5.6 0.2
Eixlil 0.04 3.6 0.2
o A i A 0.42 6.2 0.1
Bk 0.20 3.1 0.2
TER K 0.04 1.4 0.4
BN AR 047 2.5 0.4

2.1.6  JkpREER
A3 USSR B T P S ROk TR
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1l s R 2K I R 2 o B9 S ELRE R 0 A 1.5
10 mg/L="7KF T A7 IAR [T AR5, 454
PRoKFBORE R PATAL PR 5 iy, A5 RN 2 fT 8. i3k

2 A UL AN R 3 B i A TP L AN A B AR
[ 5 R AE 83.7% ~116.0% 2 [a] ,RSD 7F 1.1% ~7.3%
2 [a].

F2 B#HEK MEKC EE 6 XE AR M ™ DHA MFREIRE (n=5)
Table 2 Results of spiked recoveries of 6 species key food samples by improved MEKC method (n=5) %

b 1 mg/L 5 mg/L 10 mg/L
" [l g % RSD [l i % RSD ElEs RSD
R 110.1 5.9 104.8 4.4 114.4 2.8
H 94.4 3.1 91.9 4.3 101.9 73
U P i 83.7 2.4 85.5 2.8 92.5 3.6
ik 90.8 3.0 86.6 1.4 89.9 2.7
TER 2 95.9 1.1 84.0 3.8 100.9 2.8
B RIS 99.2 1.8 108.6 1.7 116.0 23

2. 1.7 SEBREEAIE

il FHSCHE Y MEKC 3 00 2 A 75 1) 284 {44
PRSI HEAT P AT 0 5 . b B R i 207
F, /NFE R RAYA 20 2. JdSEH DHA R 5407
0.03~0.40 g/kg Z[H], BZETE 0.05~0.16 g/kg Z[H],
L P E 0.03 ~0.40 g/kg 22 [] , 3525 K 1 2 i
M fE 0.02~0.34 ¢/kg Z ], JE MU — 4, i
EECH 0.48 g/kg. FHPERE T EIAR bR
2.2 LC ERysist
2.2. 1 AW RS

DHA 1 Ig K, 2 EPI Sutie 4.1 $F344450.78
25 CHK R IE A 690 me/LI™ SR T oK. ik E
PRI LC AL DHA bRifEft s et , il S8 ik
A AR ) 1k T 1 DHA A 22500 Jo i e
AR 1 mg/L &AL BV BN 0.05 mmol/L, BRI
THAARHER R pH~9.7 , S i i v JE b A A Ak
WEZER 10 mmol/L, BT IR HEVA K pH~ 12, 40
UL pH 55 FERERC VRN A AR 85T R AR IF
FER I DHA I 5 5
2.2.2 mshitEriie

R FHBT 5 DHA A1, 3 [F] R A1 AL
Rl R R, PR LC B4 BS54 MEKC I 2~3 M4k
SR ARG R I AR A T K 3 AR
Be il B 5 S W, U8 Ak U 30 A 4% 8. DHA pK, h
54N INRURR AR TR pK, Ik 4.2 BE 1 U
A pH A T pK, -2, BRRRVE TR S A 1A 2 A Rk
PRUE =3 DLy FIE A EAE T HRRREAE A C g BT
AORER NI SE B 24 01 43 15, 75 30 4 E B 1Y) 5 it

50 4R FH B A b 55 B8 Y U B AR YRR
20 mmol/L ZFR%% (IRFRL 10 = 90) I, 1T #i & ™
& 4 R, BB SEBRAE LB DHA 5 T4l
GYEIANIRERLL S R E i R SR 25 ] BT
TslAH0.02 mol/ L &R %k (2 /KM pH 4 9.0) = HI i
(R 97 = 3) B, DHA IETEREAT i, 40 l&l 5 FoR.
M2 0.015 mol/L #52+0.02 mol/L W2 — &4 : &
(AL 70 < 30) B, DHA W TR Aoy, IR [a] 4 6
A 6 7. HiES% 0.015 mol/L #Ef2+0.02 mol/L #
fig —E4N - B (RFILEE 70 : 30) i shAl.

0.010 F
2

0.008 |
=) .
< 0.006} 3
o
Q
s 1
e
5 0.004
g
L0
<

0.002 |

0.000

1 1 1 1 1 1 1
0o 2 4 6 8 10 12 14 16

t/min

E4 ZREERENRIIMEEFGNERIZE
Fig. 4 Chromatogram of three mixed standards in
mobile phase of national standard
Peak: (1) benzoic acid, (2)sorbic acid, (3) DHA
Column ; techmate C (100 A, 250x4.6 mm, 4.6 pm) ,
mobile phase: V(methanol) : V(20 mmol/L
ammonium acetate)= 10 : 90, flow rate; 1 mL/min,

detection: 293 nm
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t/min
5 ZiRBHRTESCEK[25]FT A shiEM Eik E

Fig. 5 Chromatogram of three mixed standards in

Absorbance/AU

mobile phase of reference!*!

Mobile phase: 0.02 mol/L ammonium acetate,
pH 9.0 adjusted with ammonium hydroxide
Other LC conditions and specified peaks were the

same as in Fig. 4.

0.020

T
N

0.015
0.010 -

0.005

0.000 —Y-rk N

1 1 1 1
0 2 4 6 8 10 12
t/min

Eo ZRIESHBRAZMERRIEHNRIEER

Fig. 6 Chromatogram of three mixed standards in mobile

Absorbance/AU

ﬁ

phase of phosphate buffer solution
Mobile phase: V( acetonitrile) : V(15 mmol/L phosphate
acid+20 mmol/L sodium dihydrogen phosphate,
pH 2.34)=30 : 70, detection: 307 nm
Other LC conditions and specified peaks were the

same as in Fig. 4.

DHA 85 KERAMR I K S sl pH A 1R
KGR, MU sl AH 55 01 1) £ TR B A R B, 430l
£ 230,291 nm A5 KW, GnE 7 Fros. 7630 s HH
pH 4 2.34 ) 15 mmol/L B2 +20 mmol/L #fR 5
PR Z b, 43 e 223,307 nm AT dR R I, H
307 nm LA = T 223 nm, A0 8 FTaR, i
ABFFEESE 307 nm AR K .

2.2.3 FESEBERAILIE

5 MEKC ¥ B FE ST b 3 —FF, ZHE U,
T B FHRE SRR BB S PR BUR AT R B, A )
HEEIK 3% LNE-IK 5% LNE-IK 10% G -7K 3 K

0.012

0.010

0.008 -

0.006

Absorbance/AU

0.004

0.002

0.000

0 220 240 260 280 300 320 340 360 380 400
A/mm

E 7 DHA ZEZE$RimahtE &ML E
Fig. 7 Ultraviolet absorption spectrum of DHA in mobile
phase of ammonium acetate
Other LC conditions and specified peaks were the

same as in Fig. 4.

307.9

0.18}
0.16
0.14f
o) L
$0'l2
3 0.10
g

£0.08
=}

Z0.06}
0.04}
0.02
0.00f | . )
0220 240 260

) . L . R L
280 300 320 340 360 380 400

A /mm
B8 BEEREhITSNAE T DHA LE5MRIL i E
Fig. 8 Ultraviolet absorption spectrum of DHA in mobile
phase of phosphate as shown in Fig. 6
Other LC conditions and specified peaks were the

same as in Fig. 4.

LI K 5% 2. JiE-15 mmol/L BfE +20 mmol/L #EfR —
SUNIX 5 FPR BN DHA 43 125 Ko =5 iR S | 45
FRHH 3K 5 PP SR BTN DHA 18 43 125 K 1 5 TG
SR, LK A A A A
2.2.4  FrALFR kR ek

FEIFRE: ) th DHA (9 LC 5 BARE 5 i Ab 24 58 5+t
P RESRIATR pH % DHA-S $EEUH Sk, By 026 Ak
T5RE L. BEAR, AS TR 28 5 A R i 75 R A [R] 9 i A
BT, K OMRE i A AR IO ik, B A 2
BABRIT AR PG IR 221535 B | AU AL BRI 0 i 2 |
D gh SRR 22 R, NS AR B9 (BRI R
BLEER) FEM (R B0 8% ) B2, i
AW pH BYFRTT, 25 5 1 U 0 30 2% T 2
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ZEURUERG. 5 MEKC 33—, T F H DHA 5%
FHERPERR A T R T RSB S B A
) DHA-S il s 3h A E ], S UL DHA p9IE 8k
OGBSk, ik — 0N SR AT AR R, B 1y
0.5 mL 2 mg/L DHA-S (/KA ) , 43 51A 0.5 mL
Mg, Hop—yvs b in At B NaCl B4R =A%
WA 2, B 9 (a) s, 75— W b A
NaCl [, WA A2, 1l 9 (b) Fizs. in A
F1 NaCl [ {4 995 W b DHA () 6 T AR R 29 & A
NaCl [E R F AT , 1 BHER BT VE R B .
0.020
0.018 +
0.016
0.014 +
2 0.012F
g 0010}
% 0.008
ﬁ 0.006f 2

0.004 +
b

0.002 |
0.000

0 2 4 6 8 10 12
t/min

B9 NaCl % DHA $2ER89 %08
Fig. 9 Effect of NaCl on extraction of DHA
(a) 0.5 mL acetonitrile was first added to 0.5 mL 2 mg/L
DHA-S, and then NaCl was added until saturated

NaCl solution was formed, (b) 0.5 mL acetonitrile
was added to 0.5 mL 2 mg/L sodium dehydroacetate
without NaCl addition
Peak: (1) DHA

Other LC conditions were the same as in Fig. 6.

2.2.5 AriEfZ ANV E AR R i R
TERHE A LC 2R R, 66 2 0% K DHA 19 1 %

W (10 g/L) BHARE H B f W BE 430y 410,20,
40 80,120,200 .400 800 .1 000 mg/L, #R Ji5 f 1> e
JEHC 10 WL, FEANA 190 pL 7K, Bcfil 8% 0.2 .0.5.1 .2,
4.6.10.,20 .40 .50 mg/L FRifE R 1. >R H UG R M%
P WEH A (A) SR (p, mg/L) B RAF
MR, PERIE TR A=2.61x10%p+38.1, 4k 1
JEHH 0.2~50 mg/L, AHXREL () 250.999 9, K i
FR>A 0.05 mg/L, E &K 0.2 mg/L.
2.2.6 JTIENEE

SIHPEATRRE 7 Oy B T DA A
4 TE R A e S RO SRR R A 0 BT
1.5 mLIBRIEOAE 47 1. 4 W70 B0 4 ekt
1) LC EEME , Jr A % 4 R a3k 3 g,

F®3 MR LCENE 6 XESR M T DHA ik
B (n=7)
Table 3 Precisions of DHA in 6 species key foods
by improved LC method (n=7)

F i JRE (g/kg) St RSD/ %
3K 0.22 3.8
B 0.44 0.9
o A A 0.20 1.9
Bk 0.44 3.1
TEB K 0.45 3.0
W T 0.25 4.6

2.2.7 JikRENCR

VRIS | i Tl R ] AR TERY S
LRSI SR i 1 25 3R 5, A3 SIS P L 3 AR
R KT (1.5.10 mg/L) FEAT AR [FTSCRIR L | B
AIKFBIRE S FEATAEBE 5 4y, 45 BA03E 4 Firsi).

Fz4 BRI LCENE 6 RES R AT DHA MEREYER (n=5)

Table 4 Results of spiked recoveries of 6 species key food samples by improved LC method (rn=5) %o
e 1 mg/L 5 mg/L 10 mg/L
" L RSD g RSD NS RSD
i 91.5 2.3 9.8 2.6 100.3 2.4
B 82.9 1.0 92.1 1.5 94.2 0.4
v P 81.9 2.0 85.0 1.1 83.5 1.4
Bk 89.0 4.0 92.9 1.4 95.6 2.1
TEM 96.3 0.7 95.1 5.2 98.0 1.0
FE RIS 99.3 4.2 108.6 1.7 115.4 4.3




1

T, A M T A R P B0 B A (3 AR B 5 I E 6 R R A P IR LR 15
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Fig. 10 Chromatograms of pickle samples treated according to national standard and improved

pretreatment method, respectively under chromatographic conditions of national standard

(a) sample pretreatment method according to national standard method, (b) improved sample pretreatment method
Peak: (1) DHA, (2) unknown

Other LC conditions were the same as in Fig. 4.
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Fig. 11 Chromatograms of pickle samples treated
according to national standard and improved
pretreatment method, respectively under chromatographic
conditions of improved national standard
(a) sample pretreatment method according to national
standard method, (b) improved sample pretreatment
method in this research
Peak: (1) DHA

Other LC conditions were the same as in Fig. 6.

AT T BRCHE ) [R5 T3 R 0T 45 PRRE A EA T T AN
IS IERY MEKC 25 R Hu X, Horb 25 7 F & P D
JIEEE R NN, 55k 20 (R BAMERE S as SRan ke S
g wT UL PRI SCHE Tk I S A R ) R 3
T 6 R AR I E.

&5 MEtHY MEKC FIB# B LC X PRI BV E LR

Table 5 Results of positive samples by improved

MEKC and LC methods /(g/kg)
FEfm#mS MEKC HPLC FEfMZS MEKC HPLC
1 0.19  0.20 242 0.03  0.03
2 0.19  0.20 250 025 0.23
3 0.08  0.08 257 0.05  0.04
4 0.05  0.05 258 0.03  0.03
5 0.08  0.09 259 0.05  0.04
6 0.15  0.15 260 0.02  0.03
8 029 031 263 0.12 0.12
9 0.04  0.04 264 0.10  0.10
13 0.11 0.1 266 0.05  0.05
14 0.40  0.43 268 0.11  0.11
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