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Determination of oxalic acid in sesame seed and sesame paste by
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Abstract; Aiming to provide reference for the development of oxalic acid detection methods in sesame
seed and sesame products, a high performance liquid chromatography method was established to
determine the content of oxalic acid in sesame seed and sesame paste. The extraction conditions for oxalic
acid and liquid chromatography conditions were optimized, and the methodology was validated. The
oxalic acid content in actual samples was also determined. The results showed that the optimal oxalic acid
extraction conditions were as follows: extraction by heating in an 80°C water bath, 1. 0 mol/L
hydrochloric acid solution as extraction solution, material to liquid ratio 1: 10, extraction times twice, and
each extraction time 10 min. The optimized liquid chromatography conditions were an Agilent Zorbax SB —
Aq column (4.6 mm x 250 mm, 5 wm), with a mobile phase of 0. 1% phosphoric acid solution and a

flow rate of 0. 5 ml/min. Under the optimal chromatography conditions, oxalic acid exhibited a good

linear relationship (> =0.999 0) within the mass

concentration range of 10 —2 000 wg/mL. The
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BISVEE : 2704 , IFE R (E-mail) jiangyuanrong@ en. wilmar — method were 0. 083 mg/g and 0.250 mg/g( based

intl. com, on the mass of defatted sample), respectively.
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The relative standard deviation of both intra — and inter — day precision were less than 1% . The spiked

recovery rates in defatted sesame seed and sesame paste samples were 94.4% —107.5% , and 90.9% -

99.7% , respectively. The oxalic acid content in sesame seed was 12.12 —=24.15 mg/g, and the oxalic

acid content in sesame paste was 17.59 —25.35 mg/g. In conclusion, the established method has good

precision and high accuracy, and can be applied to the detection of oxalic acid content in sesame seed

and sesame paste.

Key words:HPLC; sesame seed; sesame paste; oxalic acid; quantitative detection

2K ( Sesamum indicum L. ) , X FRIH K JE R,
JR— AR, FEEMAEAE N AAE D, 2 — A
FEEAPIRMEY o AR, 2R R R S
TR 180 1T 52 B BOR B 22 9 S, 2
THERENMGN AR R RS Ry
2B Z RS ZEERA BRa AL
E1118 e N i N [ Y P S 7 = | WA S 2
PRS2 R DR L e O R R A R b
FHTHE 7 22 DRI R 22 R, LA B ) 22 4
B ZRREE 2 RRZE = R e kD F IS ) s i) — A ]
Rt , L W MRAR A A RS2 N33 2 (H LU B2
2R JEURLR #8121 TR, e 4T O
B — RO AR IR, K R 2R e
KA BT LEFHERYE . ERIXAL
TR M AN L ELE AR Y B RS e &
Wt R e T S R A O R
gELO I S RS TER Y H A ORI AL
EVINEIE I S 2A0 N & I D) ] T
AR IR BRI ES Al BES | A R R AR AS %
WS RV 285 A1 SRR 0 L R R A R R
O3 VAT RS T X AE A T 0 R 0 2 3 2 PR ey
R EEEE

T R IR AN A 1 A ik (A6
T VO B S 5L ) Ot T
SEE BHESE T ARG I R R RE YA A
TEARVEI FEIHC G2 R iRz
SR, TR €305 12 R U oy E S PR (B A T
EPRAE , AR ) FRAN [T W A8 S F R AR 0 TAE GE 7 %
55 20" SR Y A5 TR £33 1 0 2 2 A I o iR
HHEN 17.2 ~69. 0 mg/kg, I7 % A INAR 0] 4 5y
88.6% ~90.5% ; AR i FH i 280 WBAR 3% 1 0o
PSR BN MG AR P IR AT T R, Tk
(AR B TE 98. 0% ~105. 3% Z[i]

IR, 5 T 2 BR A5k o B R RS I J7 v A 41 18
B, HIRGE— BRI AR , 45 1] 2 i TG i S50 (5,
T R 2 IR B FL ] v R R B RE . PR,

S T B bR O T ) By o
WA 2 R T B o) v R R a7
B ASHIFGE R P RCROA € 8 0 25 R B
PR i, 43 T B BRI R R €38 4% PR AT
UM AT T 7RSI , X S BRRE FEAT T
S L DU A2 R R Lo ko S R R 7 0 5 R 4
BB kAR,
1 57
11 S
111 JFORHS i

20 R JRR L b 252 AR (7515 9 B 7] 2
(6510 B BES I0 FRETT . A 25 R 2 R B
SRR TR

LI B R P B, Y SRR
P AT ER R BRAR 2 R A HT 4l [ 25 9 1 2
S BN T s B RRAR I BT T2 AR A PR
71 FT I (30 ~ 60°C ) , 4344, 118 AR HURHH AT R
ol
1.2 UG

Agilent1200 5RO X (L AMGINES ) | 22
FERME (32 4 B/ 715 TKA ALL b, 1 M
(SRR 28 B R AT B4 7] 5 SK 250HP 87 75
B8RSR (LS S 7 TDZS — WS B
BLL WA B 71 THZ - 82 4 2 fH IR 4 3 48
B M LA B 715 DF — 101S A2 BG4
TP IU ST A B A R
1.2 Sk

1.2.1  ERREaAIE
1.2.1.1 BRI HEEL

B8 ZRRAE Ry B, DU BB B RR B ORI L
L4 MAIEC S, TEIRBEIEBIGE 2 0, &0, %00
TERE A K T R J5 B B, i 0. 425 mm (40 H)
fitio FREX2 g Ze A Byead iiAe il T 200 mL BERR
JIA 20 mL 1.0 mol/T. ()L FRIA W IR &), 75 80 CF
JKIB I3 10 min, LA 4 000 r/min .0 10 min, B |
TH, ARSI 2 K, 5 BRI, €A% 50 mL, i



2025 4F 250 £ S 4

S A EC!

i g 135

0.22 pm USRS L ALK
1.2.1.2  {AHEEA

Agilent Zorbax SB - Aq &, 3% 4% (4. 6 mm x 250
mm,5 pm) KA 210 nm, A3 25 °C RS AN
0. 1% BERIEW , Ak 0.5 mL/min, #iAE 10 wl, &
IZATI(A] 12 min,
1.2.2 Jrikssieit
12,201 BRofEda i i e il

HERRFRIR 0. 2 g FERRBRIE A, K I % 0F 52 7%
£ 100 mL, B S5 REHREE 2 000 g/ mL B el
BB, W5 b A A VRO E — 20 B 2 o A VR SR 20 D
10.,250.,500.,1 000 .1 500.2 000 wg/mL,
1.2.2.2 ZRPRIEH MR BUE

F 12012 J5 P00 A R i e P00 J3E ) e R A
HEVWHEA TN , AT AR AL AR (Y) |, B RR bR
VBT R R AL R (X)), 22 s o il 26, 75 21
MR TR

XFas RS EAT IR , 73 5l LAE L (S/N)
3 110 #f5E A R (LOD) Al 7R (LOQ) .
1.2.2.3 KRG EEATIAR AR

K85 el g BN A H )RS E PR R A i . X T
HWFREME, 72 1 d AR 3 AR s i it 4y 6 I
SR, TH A XS AR E D 22 (RSD) o X H [A]£&
SENE, TEESE 3 d WATIIAE SIS (— X =0)) L 1)
% RSD,

L IAR SRR PES R P . BUBERRFE
SE L AP IR A, 3 A UK CF- (80% L 100% Fl
120% ) ) S RRARMETA T, 7KW AR Z 1T 23 3! B8 0
B TR % S A B AR A b v, 05 TR S A
B TPRIbR DR REKPFER 3 IR
1.2.3  SiliRm i E

il R GB 5009. 6—2016 M 5E
1.2.4  Bshb #5700

HAE SR 6 I, HftiSe By R 3 K, &4
RULF-BIME = b 227 iYL SRR, ] SPSS
26. 0 B XS Kl HEA T Ak BEAN 34T
2 HBREHH
2.1 ZRPERBREMGMKAA
2,11 O i

PLZ RN OB, 7R3 IBGR R 1.0 mol/ T #h R ¥4
W BRI LG 1215 FEIBOREC T U FRIBUR [A] 15 min %
RN 12011 J7ik iR A 7= (&, 5 20
# 53 kHz) \80 CoK 5 fin #4480 °C [l I $2 U 1R, A
W THT AR AR B , 75 2 4 IR 200 B PR B ORI 1 52
i), 25 R AN 1 FR

25
20t b = =
5 T
=15}
=
He
Eio}
pig
=
5 -
0 = * A * ~
R K [F] 37

AR TR A BE2ER(p <0.05) . T
Note ; Different letters indicate significant differences (p <
0.05). The same below
1 REA A ERIZE R0
Fig.1 Effect of extraction methods on oxalic acid

extraction efficiency

I 1 A] 1,80 “CoK it AR LS 80 °C [alift $2
WO R PR IBOR R O W] 25 57, A AR W 22
o GHEATREUH 80 °C /KSR BURI 80 °C [a]37 #2
G 7 WANE R & S I i i | o b 2 B |
SLIRFERT, [ I 3E B 80 C /K I8 i FA R B iR R Y
2.1.2 SERGRRITEIL
PAZ RN S5Ot e SR BORAEE 1. 0 mol/L URH
PE 1015 FRIKE 1 Uk SRHURE] 15 min Z50FF %
12011 J7 3R 80 Cok it A g O 1R, LA
BURHEYS % SR BOR AP (ER IR  WETR A TR B
PRI X IR AR BUSCARATRZMR, 45 R N 2 P
25

20 —= S

—_
wn

TR 107
=

W

wm mm R
B2 REEFENERRI RN
Fig.2 Effect of extraction liquid type on oxalic

acid extraction efficiency

SR B, LUK SR IR RN, (3 14 | JCide R )
V7, SR PRI DA 2 R 19 R R i DL RE R A Y T
RAEAE , M5 R ES JL T A8 T /K 2 KRB 7] i
PERCIRER 1] 220 AN T, DRI € 3 ] b TG W WD 1
SR # R A AR 25 o W A AEFR A i (pH 0 ~ 1) ¢
P, 7K 32 BOE & 00 R 5 iR £h (AR 3 fig
) T PR IO 5 0 2 0 o R B B
HIPE 2 n] A R U 1 TR B ORI AR T
TR OB 76 TR0 I) , TN 3 PR VA R 5 A IR T YL 1Y
FRIEBGCRNIC B 5 22 57 . SRR RN LR %
O EE, SRR I AR BT /D, SR BUSCR S i o



136 CHINA OILS AND FATS

2025 Vol. 50 No. 4

I, e ER PRI WA E R R BOR
2.1.3  FREGREEMNTIL

DLZORR A R, DAER BR VA WA B OB , TE BRI E
115 4R IBOREL 1 kAR IS ] 15 min 2504 F, 4%
1211 J5R 80 COKTA MM IFR IR IR , LAV 1]
BURTEHR , 5 48 R MR VS RO (0. 1.,0.5.1.0 1. 5,

2.0 mol/L) X F iR 42 WAL A 1Y i, 25 R A 3
NS
251
20 1
=
5, 151
E 10|
&
5 ’L‘
0
ﬁMMmmem
B3 REERE X BRI B R0
Fig.3 Effect of extraction liquid concentration on oxalic

acid extraction efficiency

N3 0] DU Y Bl BRI B 3, B PR
PRIBUSCR By, MR ORI BE S N2 1.0.1.5.2.0
mol/L i}, FFRIEIAF L E 2 F . LA 1.0 mol/L
ERFRV AT A B B s, B BE A% foe A B B2 45 B H A
Y, XReREAR AR R r 3%, BRI A 1.0 mol/L
ERPR I WAE A R BOR -

2.1.4 CRhE WA

DI RRMERE, L 1.0 mol/L % iR V28 1k hy 3 B
W ZESR IR AL 1 R BRI ] 15 min Z5 4 F, #%
1211 J5 R A 80 COKA MM IER BRI , LA VG 1]
BUMTE bR, B8R L (125, 1:10,1:15,1: 20,
1:25) X FERRAE BRI 2 0 , 25 R K 4 Fos .

25r

a a

20

15+

W

10F

W T F/10°
(=]

w
T

1:5 1:10 I 1:15 1:20I 1:25
BB
B4 RHgLE X ERIREEN M

Fig.4 Effect of material to liquid ratio on oxalic

acid extraction efficiency

B4 AT LU YRR EL A 105 J8i/NE 1: 10
B, U T AR 25 3 0, YRR P Ak RN A 10 15
1:20 1:25 i}, Wt AU 8 5 25 5 0 Wi R E 12
HUCRE IR -k S YR 2, S HTER L 110,

2.1.5 BB

PLIZRERIEORE, LA 1.0 mol/L #5198 v Wk by 42 B
W, FERH LG 12 10 (F2HCET [H] 15 min Z5 {4, 4%
1.2.1.1 7R H 80 C /R A lURC IR , LA B R
PRI (B YR T I e T AR 3 % B T g T
FZ R L) R 4ahR, B AR BUR A (1.2 .3 1)) X B

FREEHRR A 52 m , 5 RN E 5 s
100
sob [
&
J_ 60
=
= 40
20+
0 - . - . ==
1 UK H3R
R B

S REURE BRI R A #50m
Fig.5 Effect of extraction times on oxalic

acid extraction efficiency

B S RTAL SR 2 RGP B8 R Ok )
98. 6% , B[R LT R 50 PR, R, BRI AL
H2 W,
2.1.6 RS

DL AR, DL 1.0 mol/L k2 7 i Sk 4 B
W AERNR L 1010 $RIUREL 2 IR T 4% 1.2. 1.1
TR FH 80 °C /K i in B A B R R, DA 0 1T AR Ry 4
B, 54 IUR ] (5,10 15,20 25 min) X KR4I
BRI R, 25 R E 6 PR .

251

20+ b

5 10 15 20 25
R WA [E]/min

6 AN E X R ER IR BN R A R
Fig. 6 Effect of extraction time on oxalic

acid extraction efficiency

MEL6 FTLAE ), $E BT [E] A 5 min SE4 % 10
min Fif W4 T AR I 2 2, 21 B BB ] 4K 2 SE K B
15.20 25 min B}, 0EEFTC R 25 5. KL, dE8RER
HehstE] 247 10 min,
2.2 &L HakAL
2.2.1 (AR ERR
XSS ATO0AL , DA AE A 0 1 Bsf ) 7 3R
BUAFR B R . HEET 4 P A iy o0 B AOR ,



2025 4 55 50 45 55 4 1] T

i g 137

145 Agilent Zorbax SB — Aq (4. 6 mm X 250 mm,
5 wm) . Agilent Zorbax NH, (4. 6 mm x 250 mm,
5 um) | Inertsil ODS — P Cj; (4. 6 mm x 250 mm,
5 pm) ,CORTECS UPLC HILIC Column (2.1 mm x
100 mm,1.6 wm), HH', Agilent Zorbax SB - Aq {f,
TEAE(4.6 mm x250 mm,5 pm) AT HAFH) 3B
2.2.2 JishtH LSS

N R G B 155 BEAYIZ A7 [8] N RS H.
AR PR aikE, H% 7 3 MRIHAS
(0. 1% BEERTE 0. 1% LERIE 0. 1% BBV 1K)
AIRICR , B 0. 1% WEIR T WAL AR S SR /), (0,33
PSP SN/ e T3 b, S50 AR T sl A s

25001
~2000¢
=
E 1500}
=
= 1000f
g
500
0 1 1 1 - —— J
2 4 6 8 10 12
{ B3 B []/min
a) Z Kk

a) Sesame seed

7 ZHRMEREPER

F A1 i S5 B XA 0 B8 2 o A 2
o PIL, PP 0. 1% BERR IS WAE I s AR L &

YT
2.2.3  WEERERE

PR S AP (0.3.0.4.0.5.0.6.0.7 mL/min)
DTN, A B D 0.5 mL/min i, e 7R 1 £ B
Ifa) fe . PR, EFE R 0. 5 mL/min BEAT

TEDEAR I B B BRAR ORI (38 25 1F R, 28R
FIZ IR Hh R TR A4 A v AR €0 3% 18] A &1 7
PR o

2500
2000 |
=
£ 1500
o
21000
E
500 +
0 1 1 1 1 )
2 4 6 8 10 12
{3 B4 B 8] /min
b) Z R
b) Sesame paste
MRRMESHRERIEE

Fig.7 Representative high performance liquid chromatograms of oxalic acid in sesame seed and sesame paste
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