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Rapid Determination of Caffeine in Tea-drinks by Microemulsion Ultra-high Performance Liquid
Chromatography
LIN Renquan, XIA Haiming, QI Rongping, MENG Qi, SANG Xian
(Gongshu Center for Disease Prevention and Control (Gongshu Health Supervision Institution), Hangzhou
310022, Zhejiang, China)

Abstract: This study established a method for the determination of caffeine in tea-drinks using microemulsion
ultra-high performance liquid chromatography and investigated the effects of the composition and pH value of
the microemulsion mobile phase. The samples only required simple dilution and filtration through a 0.22 pm
microporous membrane before direct injection. A Waters BEH C18 column (2.1 wmXx150 mm, 1.7 pm) was
used, and the mobile phase consisted of an aqueous solution of 9.3 g/L, sodium dodecyl sulfate, 60 g/I. n-buta-
nol, 8 g/l n-heptane, 0.4 g/L. phosphoric acid, and 3.4 g/L. potassium dihydrogen phosphate. The flow rate
was 0.20 mL/min, the detection wavelength was 272 nm, and the column temperature was maintained at
30 °C. Quantitative analysis was performed using the external standard method. Under the selected experimen-
tal conditions, caffeine showed a good linear relationship in the concentration range of 0.5-20.0 mg/L. (r =
0.999) , with a detection limit of 0.005 g/kg. The recovery of caffeine ranged from 88.0% to 101.0%. The
sample was measured repeatedly six times, and the relative standard deviations of the peak areas were all less
than 5% , indicating that the method can be used for the determination of caffeine in tea-drinks.
Key words: caffeine ; microemulsion ultra-high performance liquid chromatography ; sodium dodecyl sulfate;

tea-drinks ; rapid determination of caffeine
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Fig.1 Effects of different surfactants on chromatographic peak

separation
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Fig.3 Effects of different co-surfactants on chromatographic

peak separation
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Fig.8 Caffeine standard curve
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Table 1 Recoveries of caffeine in samples

bRt/ (gkg)  MREME/(gkg)  BICR/% R EDCR /%

0.25 0.22 88.0 92.0
0.23 92.0
0.24 96.0

0.50 0.45 90.0 94.7
0.48 96.0
0.49 98.0

1.00 0.97 97.0 98.0
0.96 96.0
1.01 101.0

LRI AH ST R AE R 22 (relative standard de-
viation, RSD) A 2.5%, {# B A ITE 7 min 247, PR F3
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(RSD)TE 1.9%~4.2% Z[0] ,3)/INT 5%, AT WA I J5 v
YR AT 5 W9 R SRR A T K

F2 MEFRBHIHENELR (n=6)

Table 2 Results of caffeine in market-sold tea-drinks (n=6)

AL R W2~/ (mg/kg) RSD/%
V€A 483 42
UKERIE 769 32

HHEAS 570 1.9

EPS 1062 23

ESICES 696 28
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FESI AT, BRI 48 0 A s 18] 3R] i/ e il 9 P 4 %
VE ROk R e DR ) 23 2 R g I s B T 2
H1 T MELC B BRIEHETE S AR YOR 34 77 1 A L%
A B TAE R A T — 2T

S 30k -

(1] F/hz, Zopk SO G R E B el PR R (LB R P S 2
PR S i ()] B e 4 50, 2024(25): 72-74, 78.

GAO Xiaoyun, LI Lin. Determination of benzoic acid, sorbic acid,
and dehydroacetic acid content in food by gas chromatography[J].
China Food Safety Magazine, 2024(25): 72-74, 78.

(2] SKEBALFEE, RICR, 5 BN SO @35 R B R

DAL RN R B L BRIT). B A e A 27 4, 2020, 11
(9): 2744-2747.
ZHANG Na, REN Chunxiang, WU Yingliang, et al. Determination
of sorbic acid, benzioc acid and dehydroacetic acid in juice by cap-
ilary gas chromatographylJ]. Journal of Food Safety & Quality,
2020, 11(9): 2744-2747.

(3] wsete, T, IMIL, 45 . SOMT %/ BRI = 5 PO Z0RT BT 00

SRR LR AR MR 2R 2 By RSB RR Y i )], B S
ST, 2023, 49(6): 276-282.
GAO Yaohua, DING Tao, SUN Can, et al. Determination of L-the-
anine, caffeine, tea polyphenols, and palmitic acid in green tea by
gas chromatography-tandem triple quadrupole mass spectrometry[J].
Food and Fermentation Industries, 2023, 49(6): 276-282.

[4] 0%, Wk Dy 3¢, VPRSI, 45 . ASTR) AT R] 5 3 5 g v i PR R T
TN 22 AR S AT, £ 2 42 T, 2023(34): 47-51.

JIANG Wei, YAO Liwen, XU Zhigang, et al. Difference analysis
of caffeine and theobromine in chocolate with different cocoa con-
tent[J]. China Food Safety Magazine, 2023(34): 47-51.

[5] KL NP, ST . il PR SR OSSR AL S 30 B TR R
Ko FLHT). ~ AT, 2024, 51(10): 163-165.

ZHANG Ying, LIU Dezhi, GUO Keyu. Exploration of comprehen-
sive experiment for caffeine extraction and determination of con-
tent[J]. Yunnan Chemical Technology, 2024, 51(10): 163-165.

[6] XUTEHE . E ANt EE I w] AR bR R i 3 )] AR AR T,

2013, 40(19): 158-159, 167.



w5

RRtASHR

202647 A
FEATEE13H

199

(71

(8]

[10

[11

]

=

=

LIU Qinghua. Determination of caffeine of cola by ultraviolet spec-
trophotometry[J]. Guangdong Chemical Industry, 2013, 40(19): 158-
159, 167.

RGN, B R EROmE R AN R AE R C S LA R
B TR, 2022, 28(11): 38-41.

LI Yuru, LIANG Jiayue. Comparison of caffeine and vitamin C con-
tent in different teas[J]. Food and Nutrition in China, 2022, 28(11):
38-41.

SONG G Q, LIN J M, QU F, et al. Extraction of catechins and caf-
feine from different tealeaves and comparison with micellar electro-
kinetic chromatography[J]. Chinese Science Bulletin, 2003, 48(22):
2438-2443.

HEORBK, BRIA, B SCRL L I R s 256 i e A1 ().
BUACE L, 2024, 30(5): 208-211.

DONG Tiangiu, CHEN Xian, MA Wensi. Rapid determination of
caffeine in tea by ultrasonic extraction[J]. Modern Food, 2024, 30
(5): 208-211.

U e, TRE RIGA, 55 . RSO G ENE 5 S AR
[ $1 35 i B M A 2 e PR L), £ 5 5 0T &, 2023, 44
(3): 195-200.

WU Yilong, WANG Kang, WU Zengcai, et al. Determination and
comparison of tea caffeine extracted by five different extraction
methods by high performance liquid chromatographylJ]. Food Re-
search and Development, 2023, 44(3): 195-200.

MARUYAMA K, KIHARA-NEGISHI F, OHKURA N, et al. Simul-
taneous determination of catechins and caffeine in green tea-based
beverages and foods for specified health uses[J]. Food and Nutrition
Sciences, 2017, 8(3): 316-325.

PR R o RO (31 - TR T v 0 4 e gk PRI 1. A
HAFHTII, 2024, 33(5): 44-46.

LIN Lei. Determination of caffeine in tea by high performance liq-
uid chromatography - massspectrometry[J]. Fujian Analysis & Test-
ing, 2024, 33(5): 44-46.

allbeE, P, VPRI, 45 . C18-JRACH LA FIAL: 53 5k 580 AR
TR IIHEA . A5, 2023, 64(5): 348-352.

SI Xiaoxi, WANG Dan, XU Zhigang, et al. Determination of caf-
feine by high performance liquid chromatography with C18-hydro-
philic interaction liquid chromatography column tandem[J]. Chemi-
cal World, 2023, 64(5): 348-352.

TEE TSGR T7, RO, A5 . AR € - HR OB BT 20 Dy A
ORE T B LB 2 B A I DR[0S TS R 2, 2023, 30
(11): 1317-1320.

LIANG Jing, FENG Jiali, ZENG Dong, et al. Determination of inosi-

tol, taurine and caffeine in functional drinks by ultra-high perfor-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

mance liquid chromatography-tandem mass spectrometry[J]. Practi-
cal Preventive Medicine, 2023, 30(11): 1317-1320.

VIANA C, ZEMOLIN G M, DAL MOLIN T R, et al. Detection and
determination of undeclared synthetic caffeine in weight loss formu-
lations using HPLC-DAD and UHPLC-MS/MS|J]. Journal of Phar-
maceutical Analysis, 2018, 8(6): 366-372.

ZHU L, DING L, ZHANG Q L, et al. Direct analysis of cryptotanshi-
none and tanshinone IIA in biological samples and herbal medici-
nal preparations by a green technique of micellar liquid chromatog-
raphy[J]. Green Chemistry, 2009, 11(1): 132-137.

RUIZ-ANGEL M J, CARDA-BROCH S, TORRES-LAPASIO J R,
et al. Retention mechanisms in micellar liquid chromatographylJ].
Journal of Chromatography A, 2009, 1216(10): 1798-1814.

MARSH A, CLARK B J, ALTRIA K D. A review of the background,
operating parameters and applications of microemulsion liquid
chromatography (MELC)[J]. Journal of Separation Science, 2005, 28
(15): 2023-2032.

MCEVOY E, DONEGAN S, POWER ], et al. Optimisation and vali-
dation of a rapid and efficient microemulsion liquid chromato-
graphic (MELC) method for the determination of paracetamol (acet-
aminophen) content in a suppository formulation[J]. Journal of Phar-
maceutical and Biomedical Analysis, 2007, 44(1): 137-143.
TAKENAKA S, TONOKI T, TAIRA K, et al. Adaptation of Pseudo-
monas sp. strain 7-6 to quaternary ammonium compounds and their
degradation via dual pathways|J]. Applied and Environmental Mi-
crobiology, 2007, 73(6): 1797-1802.

SR, IR, PB4 | LI R R 4 7 Aok
TRPEARAE R (3, 2017, 35(4): 439-444.

WU Hongxing, ZHENG Aini, SU Caoyin, et al. Simultaneous sepa-
ration of seven water-soluble vitamins with microemulsion liquid
chromatography[J]. Chinese Journal of Chromatography, 2017, 35
(4): 439-444.

BeR Y . LR (i B AE LR o G 2 B HT Pk 1 43 o 14 1
JHIDL. 229H: 22 M B TR, 2021

DUAN Tianjiao. Application of microemulsion liquid chromatogra-
phy to several proprietary Chinese medicines and their active ingre-
dients[D]. Lanzhou: Lanzhou University of Technology, 2021.
JANCIC B, MEDENICA M, IVANOVIC D, et al. Evaluation of a
liquid chromatographic method for analysis of indinavir and degra-
dation products arising from hydrolysis of its amide bond[J]. Chro-
matographia, 2005, 62(5): 233-238.

RS AW
W #5 B #5:2025-01-21



