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Simultaneous determination of vitamins K, and K, in cosmetics
by QuUEChERS-high performance liquid chromatography and
verification by high performance liquid chromatography-
tandem mass spectrometry

SUN Qian", CHEN Chunxiao
(Xiamen Institute for Food and Drug Control, Xiamen 361012, China)

Abstract: Vitamins K, and K, are both essential fat-soluble vitamins for the human body. K, was
once used in cosmetics for its efficacy in improving dark circles by promoting periorbital circulation.
However, due to its potential to cause severe allergic reactions, it is now banned in cosmetics in
China and the European Union. K,, particularly the MK-7 form, has a similar structure to K, but
features a different side chain. It has gained attention for its skin benefits, including soothing,
antioxidant, and anti-aging properties. Although there are no reports of its use in cosmetics in China
yet, it has been registered three times as a new cosmetic ingredient, indicating significant market
potential. Most existing methods for detecting vitamins K, and K, focus on pharmaceuticals and
dietary supplements, with few studies addressing their analysis in cosmetics, especially vitamin K,.
Given the structural similarity between the two compounds, a reliable method for their simultaneous
determination in cosmetic products is needed. However, cosmetic matrices are complex and often

interfere with analysis. Conventional sample preparation techniques, such as liquid-liquid extraction
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and solid-phase extraction, are time-consuming and labor-intensive. The QUEChERS method offers
a faster, simpler, and more cost-effective alternative. In this study, we selected six common types
of cosmetics—water-based liquids, emulsions, creams, gels, powders, and oils, to develop and
validate a simultaneous quantification method for vitamins K, and K,. A QuEChERS-based sample
preparation method coupled with high performance liquid chromatography (HPLC) was developed
for the simultaneous quantification of vitamins K, and K, in cosmetics. To enhance specificity and
confirmation capability, a complementary method using high performance liquid chromatography-
tandem mass spectrometry (HPLC-MS/MS) was also established. Samples were first pre-dispersed
with saturated sodium chloride solution, extracted by n-hexane under ultrasonication, and purified
using QUEChERS pretreatment technique ( containing 150 mg MgSO,, 50 mg PSA, and 25 mg C,,).
For HPLC analysis, separation was performed on a CAPCELL PAK C,, AQ column (250 mmx4.6
mm, 5 pm) using methanol-isopropanol (80:20, volume ratito) as the mobile phase, with detection
at 270 nm. For HPLC-MS/MS confirmation, an ACQUITY UPLC BEH C column (50 mmx2.1 mm,
1.7 pm) was employed, with methanol containing 0.05% (volume fraction) formic acid and 5 mmol/L
ammonium formate as the mobile phase. Electrospray ionization in positive mode (ESI') and multiple
reaction monitoring (MRM) were used for detection. Both HPLC and HPLC-MS/MS methods
demonstrated excellent performance for the determination of vitamins K, and K,. In the HPLC
method, both analytes showed good linearity over the range of 0.1-50 p.g/mL (7>0.999), with limits
of detection (LOD) and quantification (LOQ) of 0.3 pwg/g and 1.0 ng/g, respectively. The spiked
recoveries ranged from 93.2%-104.5% with RSDs below 5%. For the HPLC-MS/MS method, linearity
was observed in the range of 0.005-0.5 pg/mL (#>0.999), with LOD and LOQ values of 0.02 ng/g
and 0.05 ng/g, respectively. Recoveries in this case fell within 89.4%-108.2%, accompanied by RSDs
of less than 10%. The method was successfully applied to analyze 30 cosmetic samples spanning six
different matrix types. Neither vitamin K, nor K, was detected in any sample. The proposed
methodology is rapid, simple, sensitive, and accurate, making it suitable for routine determination
of vitamins K, and K, in diverse cosmetic products. It offers reliable technical support for quality
control and regulatory compliance and demonstrates the utility of QUEChERS sample preparation
for the analysis of other cosmetic ingredients.

Key words: QuUEChERS; high performance liquid chromatography (HPLC) ; high performance
liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) ; cosmetic; vitamin K,;
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Fig.1 Structures of vitamins K, and K,
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Table 1 Precursor ions, product ions and other MS pa-
rameters of vitamins K, and K,

ty/  Precursor  Product Fragmen- Collision

Vitami
tamin in ion (m/z) ions (m/z) tor/V energies/V
K, 2.13 451 187", 197 120 20, 22
K 4.10 650 187", 253 180 30, 20

2

* Quantitative ion.

1.3 WAEREN &
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o Y At 2 YR Y TS e o i R 30 R 0.1.,0.5
1.5.10.20 il 50 wg/mL [ 5 51 bx #fE % W it HPLC
J7 I AL A& 0.005.0.01,0.02.,0.05.0.1.,0.2 Al
0.5 pg/mL 1 F 5 b5 7 W it HPLC-MS/MS J5 i
72
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Fig. 2 Ultraviolet absorption spectra of vitamins K, and K,
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TR AL, AT B 2t S A 00 45 0, N 3R 1 s, il
T R P DL 4. 7E AR 4R S 9 HPLC-MS/MS 5%
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Fig. 4 Extracted ion chromatograms of vitamins K, and K,
(0.05 pg/mL)
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Table 2 Recoveries of vitamins K, and K, with different
QuEChERS purification tubes

Recoveries with four tubes/%

Matrix Vitamin
@ ©) ® @

Water-based K, 52.0 95.4 103.7 102.5
K, 29.1 94.3 102.9 101.8
Emulsion K, 66.5 89.5 99.8 98.7
K, 42.7 91.0 104.6 101.5
Cream K, 67.8 94.1 114.0 109.2
K, 51.1 93.9 112.1 108.3
Gel K, 56.3 91.3 104.7 103.9
K, 26.5 90.4 100.2 99.7
Powder K, 57.7 90.9 103.9 100.8
K, 28.6 88.6 101.3 99.9
0il K, 63.1 95.5 105.7 103.9
K 55.8 93.8 104.8 105.3

[N

Recovery=post-purification peak area of compound/pre-
purification peak area of compoundx100%.

23 FEFEWIE
231 LZMETHH. RHRMEER

BC13 Wi ROVbRMEW W AL IR 1.2 T
W7 25 A 02T DU S, DB 6 vk B2 (o, wg/mL) Sy i A
b, B AR AL A 9 00 0 T B Cy ) oA 0 A A 22 il B o il
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Fig. 5 Comparison of chromatograms: pre- vs post-

purification (water-based product)

R 3, 44 R KK 7 0.1~50 pg/mL
(HPLC J5 ) 1 0.005 ~ 0.5 wg/mL (HPLC-MS/MS
Tk ) M B R PE R R A CRE(r) R T
0.999, Muzs [ LB Akt i, i AR Ve BE A o A VA
Fiz B 1.4 95 PEATRE A AL R DUORE S BORE & 1.0 g F

BTG 10,3 515 M e (S/N=3)FIl S/N=10 43 5|t &
it BR (LOD) Fl g i BR(LOQ) , &5 3 WL 3% 3.
232 HRFERMERE
FREC 6 Fhzs (3L Akt i 4% 1.0 g, 7 HPLC 7
P, 2 B AAK (1.5 we/g) (250 we/g) 75 (400
ng/g) 3 AV I bR VA W, Fe BB 1.4 795 1 £ R
WAHEAT [T Z 3K 5, 7] B 7F HPLC-MS/MS J5 i 1,
A3 AR (0.1 pg/g) . H (1.0 ng/g) i (4.0 pg/g)
3 A KT B9 5 1 W AT DSORGB B A R K
FHEE 6 UK, 1A IR FUR X R 1 R 22 (RSD, n=
6) L5 F 4 FK 5. 4558 WoR, HPLC ¥ 1) [Rig
B O 93.2%~104.5%, RSD A 0.3%~4.0%,
HPLC-MS/MS % 19 o] it 223 [l 2 89.4%~108.2%,
RSD N 1.2%~7.2%. % BH1Z J5 1 () [l iR FIORS 2% 1
ZER R AT,
2.4 HPLC 5 HPLC-MS/MS %Mt 8 5 R B
AWF5E P, HPLC 5 HPLC-MS/MS i J5 7% iy

F3 HERK MK MNEMETE. &EFEEXRE . H R ESR (HPLC i #1 HPLC-MS/MS %)

Table 3 Linear ranges, Linear equations, correlation coefficients (r), LODs and LOQs of vitamins K, and K, by HPLC and

HPLC-MS/MS
HPLC HPLC-MS/MS
Vita-
. Linear range/ . . LOD/ LOQ/ Linear range/ . . LOD/ LOQ/
min Linear equation r Linear equation
(pg/mL) (pg/g) (ng/g) (pg/mL) (pg/g) (pg/g)
K, 0.1-50 y=21803x-685.3 1.0 0.3 1.0 0.005-0.5 y=1.305%10°x+287.5 0.9995 0.02 0.05
K, 0.1-50 y=14424x-1084 1.0 0.3 1.0 0.005-0.5 y=2.116x10°x+118.2 0.9991 0.02 0.05

y: peak area; x: mass concentration, pg/mL.

x4 BHEZKMK,EFRRERPHMRETKZEK RSD(HPLC 75i%) (n=6)

Table 4 Recoveries and relative standard deviations (RSDs) of vitamins K, and K, in different matrices with HPLC (n=6)

Recoveries (RSDs) in different matrices/%

Vitamin Spiked/(.g/g)
Water-based Emulsion Cream Gel Powder 0il
K, 1.5 102.5 (1.2) 100.9 (2.0) 104.5 (3.7) 95.6 (3.4) 100.3 (2.9) 93.9 (3.6)
250 99.7 (1.3) 97.9 (1.5) 101.1 (1.3) 96.9 (1.0) 98.3 (1.8) 97.5 (1.6)
400 97.8 (1.0) 101.0 (1.2) 99.6 (1.6) 93.5 (1.1) 101.2 (1.7) 94.6 (0.4)
K, 1.5 104.3 (1.6) 102.5 (2.1) 97.7 (2.5) 93.2 (4.0) 98.7 (3.3) 102.3 (2.5)
250 95.8 (0.7) 96.5 (0.5) 100.1 (1.4) 94.9 (1.4) 97.4 (1.7) 95.2 (1.8)
400 97.6 (0.9) 100.6 (1.1) 103.4 (1.8) 98.8 (1.9) 100.0 (2.2) 94.4 (0.3)
x5 BERKMK,EFRRERFHMAREYZEK RSD (HPLC-MS/MS 77 i%) (n=6)
Table 5 Recoveries and RSDs of vitamins K, and K, in different matrices with HPLC-MS/MS (n=6)
Vitamin Spiked/( pg/e) Recoveries (RSDs) in different matrices/%
Water-based Emulsion Cream Gel Powder 0il
K, 0.1 91.6 (5.9) 95.5(3.1) 91.7 (6.4) 95.8 (4.7) 90.6 (7.2) 96.2 (2.2)
1.0 97.3 (3.1) 96.7 (3.8) 101.5 (2.6) 97.2 (4.4) 95.3 (3.6) 96.3 (2.5)
4.0 95.4 (2.6) 96.9 (2.4) 95.8 (1.7) 98.6 (3.5) 95.5(3.4) 98.0 (2.4)
K, 0.1 93.1(5.7) 94.2 (4.7) 92.1(5.2) 89.4 (5.6) 92.3 (4.1) 105.9 (2.6)
1.0 98.4 (3.4) 99.3 (1.8) 99.9 (3.9) 953 (4.5) 96.7 (2.4) 99.7 (1.8)
4.0 103.3 (4.0) 98.8 (1.8) 108.2 (3.7) 96.1 (4.2) 95.3(2.8) 100.2 (1.2)




A, %5 : QUEChERS- 1 &8 AH €335 125 W) i) 0 2 f ot o v 1) 4 28 R K MK,

512 1]

e 1R B850 TR 3 - H T TR % A

- 1395 -

5k 2E S R0E S (D3 3) 38 7 1 1 25 A i 34 1) A
W] Je FoAE Dy he b i B8 4 T.. HPLC-MS/MS fEAf
O A T ) o R R R R BRI SE R T IR
o BR (0.02 pg/g) 5 % 1Y 2k 1 i 1 (0.005~0.5
pg/mL) , 3 i H 58 4% 1T 5% A I O o MR B H bR
Wy, W Kk TR RS R KR . MR,
HPLC %841 i 2k £ 58 S At , (0 L 7 i e fedt L 4%
PEE Bl 98 (0.1~50 wg/mL) , 58 4= /2 Akt i v 4 A=
2 K MK, 5 #L & 5 ok, B B2 5
Sl . AR ST L T — R I AR AN 43
95y A H g HPLC BEAF o AL 0% £ 1Y & i TR, 17
Tt PR 58 B KRR 9025 20T 1 HPLC-MS/MS
2 0V S i IE T B, T R A v e B BE 1 el
BEAE S AT AR OE . OR IS A WL A T PR
ARBEPEF, SEI T A A5 5 25 R T SE Pk 98—
2.5 HSUNE

SR FH BT 8 ST 1 7 1 6P IS ) 6 B R T (K 3
FLW B RR VBRI CHOR I 28 3t 30 Aotk i E AT
WM 4550 WoR A B B R 1 484 % K K,

3 Fig

AT T QuUEChERS ¥ Ak 47 AR 45 4 w5 ik
A o % 32 ) B 5 AS ) 366 o Aot i b 4 2E R K D
K, A4 20 M7 5 5t 0003 A0 I 32, AT E B e 43 A B
Pl T DA R Ak it ik T R 4 )RR T TR
T | R AR g 3 M A T AR R 6 R R & R
(TR B M o A D T I ST T SRy Akt i 4 I A A
AT S 0 B AR S FE RS AR Y  [F B BT R
QuEChERS i &b ¥ 47 A A 7] g fb e i v HAth 21 43
F18 000 S R AR S B

S E UMk

[1] Mitsuishi T, Shimoda T, Mitsui Y, et al. J Cosmet Derma-
tol, 2004, 3(2): 73

[2] Wang T G, Liu X T, Duan R, et al. Brand & Standardiza-
tion, 2024(1) : 46
TR, XVEFE, Bedi, . A S FRiELL, 2024(1) : 46

[3] China Food and Drug Administration. Safety and Technical
Standards for Cosmetics (2015). Beijing: The People’ s
Health Press, 2016
[ £ 24 i B A B LR bl & A B R BN (2015 4F
MO e AR A IR, 2016

[4] Wang J. China Cosmetics Review, 2006(8): 46
L. P EAE M, 2006(8) : 46

[5] Sun S S, Gong P X, Zhang Y X, et al. Chinese Journal of
Chromatography, 2020, 38(7): 847

(6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

IV, A%, sk fk, 45 B, 2020, 38(7): 847

Xu C X, Liu C. Detergent & Cosmetics, 2024, 47(6) : 54
TRAEW, VR HAME MR, 2024, 47(6): 54

Lin G B, Hua Y Y, Ni L, et al. Strait Journal of Preventive
Medicine, 2022, 28(2): 4

MR, KA, A, S M R B A
(2): 4

Kong F H, Guo Q, Bai S S, et al. Science and Technology
of Food Industry, 2021, 42(4): 4

LR, BA5, b, S i Tk RHY, 2021, 42(4): 4
Cheng S H, Qin X W, Zhu J L, et al. Chemical Analysis and
Meterage, 2021, 30(12): 69

A IE, WX, KRE&E¥, % ¥ irita, 2021, 30
(12): 69

Xu Q, Meng F D, Wang Y P, et al. Physical Testing and
2021, 57

2022, 28

Chemical Analysis (Part B: Chemical Analysis) ,
(7): 618

ViR, LIk, ERRMS, 55 B 5 -1k 0 0,
(7): 618

Huang D L, Li S. Journal of Food Safety & Quality, 2020,
11(10): 3194

T, AR AR BRI A R I 22 4], 2020, 11(10): 3194
Mao X W, Huang J C, He S M,
Safety & Quality, 2022, 13( 16) 5305
EHR, WP, R, . ERES
2022, 13(16): 5305

Wu Q, YuJ S, Li R, et al. Physical Testing and Chemical
Analysis (Part B: Chemical Analysis), 2024, 60(2): 187

, m%ﬁi =5, A FRALAG 5 -6 2 4 0, 2024, 60

2021, 57

et al. Journal of Food

R ORI 38

:lq:?:

(2):1

Liu G L, Chen C Y, Wu Y, et al. Journal of Food Safety

and Quality, 2020, 11(23): 8697

Xoe2, ¥, R, & B TR I 2, 2020,

11(23): 8697

JiaYJ, Liu X L, Liu C R, et al. Food Science and Technol-

ogy, 2024, 49(1): 290

KM, XI5, XA, &5 A, 2024, 49(1): 290

Cai CL, LiJ, XiJ, et al. Chinese Journal of Chromatogra-

phy, 2024, 42(11): 1052

SRS, A, W, L, 2024, 42(11): 1052

Xu X F, MaRY, Chang J J, et al. Journal of Food Safety

and Quality, 2019, 10(21): 7406

W, B, WHE, S oami

2019, 10(21): 7406

Yu H Z, Tian M, Jiang S,

ences, 2022, 61(20): 149

Tgas, W, 2, % dekl R, 2022, 61(20): 149

Gong P X, Lian Z X, Wang Y L, et al. China Dairy Indus-

try, 2022, 50(2): 49

AR, BEOTE, TH®,

(2): 49

Tan J H, Xi S F, Li HY, et al. Journal of Instrumental

Analysis 2012, 31(11): 1451
A ORI A A

(11): 1451

Wu Y Y, Wang R, Cheng Q Y, et al. Chinese Journal of

Modern Applied Pharmacy, 2021, 38(14): 1690

& S A I 22 A

et al. Hubei Agricultural Sci-

Ao FL A Tl 2022, 50

g3 Bl A 4, 2012, 31



- 1396 - @

i %43 %

[24]

RAGHE, FAE, B, & EBAN %, 2021, 38
(14): 1690

Liang ZY, Luo HT, Zhou X, et al. Journal of Instrumental
Analysis, 2023, 42(6): 762

BRAEVE, PO, RIES, S ATk A R, 2023, 42
(6): 762

Hu B, Li L X, Liu H, et al. China Surfactant Detergent &
Cosmetics, 2021, 51(9): 918

DL, W EE, X4, 5. HHMEAE T, 2021, 51(9): 918
Wang X J, Guo W, Chen Y X, et al. Journal of Food
Safety & Quality, 2021, 12(19): 7667

EFMW, B, o, & g ek, 2021,
12(19): 7667

Wu S L, Peng X S, Zheng R. Chinese Journal of Health
Laboratory Technology, 2022, 32(14): 1665

SIUFR, 2R, TR P R AR 2R Ak, 2022, 32(14)
1665

Pan C, Xu Y, Han J, et al. Chinese Journal of Pharmaceu-

[28]

[29]

[30]

tical Analysis, 2021, 41(6): 994

R, B, i, AF L WS, 2021, 41(6): 994
XiSF, LiHY, Tan J H, et al. Chinese Journal of Analysis
Laboratory, 2013, 32(9): 101

Mg, A, e L Bl g s, 2013, 32
(9): 101

Tian M, Ma K X, Song X F, et al. Journal of Food Safety
and Quality, 2020, 11(14): 4666

W%, BRIT A, R/ &, 55 ah 22 4 00 K i 27 4, 2020,
11(14): 4666

Peng M M, Yu X B, Chen L, et al. Chinese Journal of
Chromatography, 2024, 42(5) : 445

LR, M/ BRak, 4L %, 2024, 42(5) : 445

Chen C, Yan L Q, Zhou M H. Chinese Journal of Modern
Applied Pharmacy, 2020, 37(2): 202

B A, Biskwr, JA 915 b [ AR R 24 %, 2020, 37
(2): 202



