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Simultaneous determination of 28 fragrance components in
cosmetics by gas chromatography-tandem mass spectrometry
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Abstract: With the increasing number of cosmetic products, their flavor and fragrance compo-
nents are receiving greater and greater attention. Establishing an analytical method of determi-
ning these components in cosmetics is one of the most effective measures to eliminate consum-
ers’ concerns. In this study, a method for the simultaneous determination of 28 fragrance resi-
dues in cosmetics by gas chromatography-tandem mass spectrometry ( GC-MS/MS) was devel-
oped. The samples were extracted using methanol and those containing more oil and grease
were purified using a neutral alumina solid-phase extraction column, whereas those with more
complex compositions were purified by QUEChERS. The analytes in the samples were measured
by GC-MS/MS, characterized using their retention times and characteristic ion pairs, and quan-
tified with an external standard. The respective limits of detection (LODs, S/N=3) and quanti-
fication (LOQs, S/N>10) of the compounds were in the ranges 2-20 and 5-50 pwg/kg. The line-
arities of the concentration curves of the 28 substances were good in the ranges 1-100, 2-200,
4-200, and 10-1 000 pg/L, and the correlation coefficients of the quantitative ion pairs were
>0.999. Twenty-eight fragrances were added to blank samples at spiked levels of 50 - 500
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ng/kg, and the recoveries ranged from 71.3% to 120.4%, with RSDs of 1.5% —14. 6%. The
method could be applied in the determination of fragrances in cosmetics because it was simple,

sensitive, and stable and could effectively exclude the interferences of complex matrices. The

method was used to determine the fragrance components in 16 cosmetic products, and some

fragrance components were detected in 12 samples. Increased attention should be paid to the

safeties of fragrances and flavors used in cosmetics.

Key words: gas chromatography-tandem mass spectrometry ( GC-MS/MS ); fragrances;

cosmetics
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Table 1 MS parameters of the 28 fragrance components

No. Compound CAS No. Retention time/min  Product ions (m/z) Collision energy/eV
1 limonene (A7HEH) 5989-27-5 5.28 93.00/91.10 12
93.00/51.10 9
93.00/77.00 * 27
2 benzyl alcohol (7 H ) 100-51-6 5.28 79.00/51.00 15
108.00/93.30 21
79.00/77.10 6
3 linalool ( J5HEE) 78-70-6 7.20 93.00/77.10 6
69.00/41.10 9
71.00/43.00 * 9
4 methyl a-octynoate (- Kz H ) 111-12-6 9.48 79.00/77.00 3
123.00/77.00 18
123.00/67.00 9
5 citronellol ( & ZFH) 106-22-9 9.98 123.00/81.10 6
81.00/41.10 3
69.00/41.00 * 15
6 geraniol (7 M) 106-24-1 10.46 93.00/77.00 12
69.00/67.10 12
69.00/41.00 * 3
7 citral (FFERE) 5392-40-5 10.76 69.00/39.00 6
137.00/109.00 24
69.00/41.10 6
8 cinnamaldehyde ( [RA:EE) 104-55-2 10.88 131.00/103.00 12
77.00/51.00 9
103.00/77.10* 9
9 hydroxycitronellal (35 ) 107-75-5 11.04 81.00/79.10 6
96.00/79.10 9
96.00/81.10 * 15
10 anise alcohol (i 7& i) 105-13-5 11.08 138.00/121.00 18
138.00/77.00 21
109.00/77.00 36
11 cinnamyl alcohol ( PA#:E) 104-54-1 11.44 92.00/65.10 6
134.00/90.80 24
134.00/92.00 24
12 eugenol (T &) 97-53-0 12.16 164.00/149.00 18
164.00/90.40 12
164.00/54.50 18
13 methyl eugenol ( F 5T F ) 93-15-2 12.84 147.00/91.20 6
178.00/107.20 9
178.00/147.10 * 15
14 coumarin (FHE &) 91-64-5 13.44 118.00/89.90 15
146.00/88.80 12
146.00/118.20 * 33
15 isoeugenol (51 ) 97-54-1 13.56 164.00/77.20 9
164.00/132.10 36
77.00/50.90 * 12
16 a-ionone (8% 22fi) 127-41-3 13.92 135.00/78.90 15
135.00/91.10 9
107.00/91.00 * 18
17 methyl isoeugenol ( 5T 78y H ik ) 93-16-3 14.16 178.00/107.10 9
107.00/79.00 9
178.00/163.10* 9
18 eugenol acetate ( LR T & HER) 93-28-7 14.40 164.00/55.10 6
164.00/132.10 18
164.00/149.10* 6
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Table 1 (Continued)
No. Compound CAS No. Retention time/min  Product ions (m/z) Collision energy/eV
19 butylphenyl methylpropional (4% >2/) 80-54-6 14.61 189.00/91.00 9
147.00/117.20 18
189.00/131.00 " 21
20 acetyl isoeugenol ( ZBER:S T ) 93-29-8 15.56 164.00/77.00 24
164.00/149.20 24
164.00/103.00 15
21 amyl cinnamate ( RIFERRER) 3487-99-8 16.08 91.00/41.00 27
91.00/65.00
115.00/63.00
22 lyral (Hres27%) 31906-04-4 16.22 105.00/77.00 6
79.00/77.00 30
107.00/79.20 12
23 a-amylcinnamyl alcohol (33 A EER ) 101-85-9 16.51 91.00/65.00 3
133.00/115.00 3
133.00/55.00 15
24 farnesol (44 XK ) 4602-84-0 16.84 81.00/41.00 6
67.00/41.00 12
69.00/41.10 12
25 hexyl cinnamal (o-C 3% A EERS ) 101-86-0 17.22 129.00/87.00 21
115.00/65.00 15
115.00/89.00 21
26 benzyl benzoate (A H R ENE) 120-51-4 17.49 77.00/51.10 15
91.00/65.10 12
105.00/77.10* 9
27 benzyl salicylate (/K#fR~ ) 118-58-1 18.61 91.00/39.10 15
91.00/41.10 24
91.00/65.10 * 21
28 benzyl cinnamate ( RE:RR TR ) 103-41-3 20.83 91.00/65.00 12
131.00/77.10 12
131.00/103.10 * 27
#* Quantitative ion.
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1. limonene; 2. benzyl alcohol; 3. linalool; 4. methyl a-octynoate; 5. citronellol; 6. geraniol; 7. citral; 8. cinnamaldehyde; 9. hydroxy-
citronellal; 10. anise alcohol; 11. cinnamyl alcohol; 12. eugenol; 13. methyleugenol; 14. coumarin; 15. isoeugenol; 16. a-ionone; 17.
methyl isoeugenol; 18. eugenyl acetate; 19. butylphenyl methylpropional; 20. acetyl isoeugenol; 21. amyl cinnamate; 22. lyral; 23. a-
amylcinnamyl alcohol; 24. farnesol; 25. hexyl cinnamal; 26. benzyl benzoate; 27. benzyl salicylate; 28. benzyl cinnamate.
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Table 2 Linear equations, correlation coefficients (r?), linear ranges, LODs, and LOQs of the 28 fragrance components

No. Compound Linear equation 7? Linear range/ ( ng/L) LOD/(pg/kg) LOQ/(pg/kg)
1  limonene Y=9.02x107X+2. 81x10° 0.9991 1-100 2 5
2 benzyl alcohol Y=8.78x107X-3. 86x10° 0.9992 1-100 2 5
3 linalool Y=8.47x10°X-1. 39x10° 0.9997 10-1000 20 50
4  methyl a-octynoate Y=8.41x10°X-3.55x103 0.9993 10-1000 20 50
5  citronellol Y=1.40x10°X-1.77x103 0.9991 4-200 7 20
6 geraniol Y=2.51x10°X-7. 87x10° 0.9991 4-200 7 20
7 citral Y=2.85x10°X+1.03x103 0.9990 4-200 7 20
8 cinnamaldehyde Y=3.34x10°X-8. 11x10° 0.9992 2-200 3 10
9  hydroxycitronellal Y=1.01x10°X+1. 64x10° 0.9997 10-1000 20 50

10 anise alcohol Y=5.89x10°X-1.61x10° 0.9991 1-100 2 5

11 cinnamyl alcohol Y=6.51x10°X-4. 98x10° 0.9990 1-100 2

12 eugenol Y=4.53x10°X-3. 84x10? 0.9994 10-1000 20 50

13 methyl eugenol Y=9.38x10°X-2. 65x10* 0.9993 1-100 2 5

14 coumarin Y=2.34x10°X-3. 13x10* 0.9991 4-200 7 20

15 isoeugenol Y=9.60x10°X-3. 11x10° 0.9998 10-1000 20 50

16 a-ionone Y=1.31x10°X+1. 13x10? 0.9999 4-200 7 20

17 methyl isoeugenol Y=1.44x10°X-4. 61x10* 0.9991 4-200 7 20

18 eugenol acetate Y=1.01x10°X+6.57x103 0.9991 4-200 7 20

19  butylphenyl methylpropional Y=4. 85x10°X-5. 07x10° 0.9991 10-1000 20 50

20 acety isoeugenol Y=4.61x10°X+1. 26x10* 0.9990 10-1000 20 50

21 amyl cinnamate Y=2.37x10°X+1. 07x10* 0.9993 2-200 3 10

22 lyral Y=1.05x10°X+2. 36x103 0.9997 4-200 7 20

23 a-amylcinnamyl alcohol Y=8.05x10°X+1.24x10° 0.9994 1-100 2 5

24 farnesol Y=6.11x10°X+2.23x10? 0.9999 10-1000 20 50

25  hexyl cinnamal Y=5.30x10°X+9. 80x 10> 0.9996 1-100 2

26 benzyl benzoate Y=4.73x10°X-5. 83x10* 0.9991 1-100 2

27  benzyl salicylate Y=2.04x10°X-7.22x10? 0.9996 4-200 7 20

28 benzyl cinnamate Y=2.08x10°X+3. 98x10* 0.9999 4-200 7 20

Y. peak area; X: mass concentration, ng/L.

500 wg/kg, REFHAE AT AL # 7 SRS InAR el AY TRl i 4 80.4% ~ 120.4%, RSD 4 3. 1% ~
GRS, A AOE i 6 A PATRE, SCREEREM, 13, 7% 7E IR I 8 1 B R 75. 6% ~ 110. 6%,
H AR AE 120 R [ 3R 71, 3% ~ 120. 0%,  RSD 4 4. 1% ~ 14. 6%, 14 I 75 K5 A9 7% i 5] i = A
FAXTFRER 2% (RSD) 7 1. 5% ~ 12. 4% ; ZE4P ik B b RSD WL3& 3.
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2.5 FMEIAEARAILE
ZER G LAt AR B L — b B
A7 O ARG JE T A 2 A Akt il 1 75 22, AR SR
2 Fhapab T DAL, SPE Hiab 3y X, ¥ ik
RO AR BRI AR O RE T, 358 H T B it g
RS (HERTAL B A B A X4 K . QuECh-
ERS RiAb# 7 3, 7T DA 8 A B &K, i Ab B ]
B0, X T AL A A S T DA 24 A Ak B A ]
SYBIFE T () R CRER) KA R
1213) SN 10 WL B R 10 mg/L AR A FrifE
VR AL R RS 1) & R 50 g/ kg, Sk FH I R
FJUALEE?TI AT AR DRSS, B 55 7 b iy Ak B A1
M 25 RN 4 Jron, PFP 735 1 Il i 32 35
60% ~ 120% Z [1] , i /& S 56 = Jo dat 428 1l B0 Y e AR 22
K. K SPE Ak i [ R 35 K F 70% , 1fii 2% i
QuEChERS ¥k i) A &8 53 %4ls /N T 70% . S A
 ,SPE ¥tk . QUEChERS &b SR 4, 4 J5 (9 BF

] LIX} QUEChERS &bt RHtE A7 ik —
2.6 ERFEFEMBNE

PR ST i SPE R AL 35 1 U8 R &K IR
B s IR EE PR IPOK R BRI IRTE AR
il FEE N R EIETE B R IR D4
LA B 555 7014 16 Rl Akt i v 9 A b i 43 64T T
e, f5FAFE S PR, 76 12 Fp= 5 P B Ax
Yy, RV 8 R AT A MR D AR | T A PR
T H T A ﬁi?ﬁTmﬁ/\%ﬂ}‘éﬁﬁl\
ST A O T AR Fr 2Ll A
ARHPRRER KA RN EE R N S A
RS DR AR AR R T A A
GE VKDL 5T AT E R T HEE RH
g Kl KR EERA s 2 RS HIRER B
FREEM PR Ve R OK PR A R AROK
R AT 5Tk R U R AR A
K S5 ARSI,

A

% 4 SPE #1 QuEChERS A BIAEF R T BRI EK R (n=3)

Table 4 Recoveries of the target compounds using two pretreatment methods: SPE and QUEChERS (n=3) %
Lipstick Skin cream Body lotion
No. Compound
SPE QuEChERS SPE QuUEChERS SPE QuUEChERS
1 limonene 80.4 82.7 87.6 89.6 91.3 93.2
2 benzyl alcohol 84.4 61.6 83.2 84.2 73.2 61.6
3 linalool 82.6 93.6 90.4 89.2 86.4 87.3
4 methyl a-octynoate 105.7 100.2 112.5 101.2 106.2 103.6
5 citronellol 92.1 90.3 91.6 80.2 90.3 92.4
6 geraniol 83.5 92.1 82.6 63.4 92.6 90.6
7 citral 86.1 84.3 84.9 65.6 77.4 87.6
8 cinnamaldehyde 96.5 94.6 91.2 89.6 90.6 92.1
9 hydroxycitronellal 87.2 96.2 102.3 84.5 101.2 102.3
10  anise alcohol 86.1 83.4 84.3 76.5 87.6 85.4
11 cinnamyl alcohol 72.2 62.3 87.2 84.6 87.4 76.2
12 eugenol 89.1 92.4 74.6 95.6 90.9 92.6
13 methyleugenol 103.5 66.2 103.6 102.6 99.4 80.2
14 coumarin 107.4 95.6 105.2 112.3 102.6 106.2
15 isoeugenol 106.4 102.2 88.9 100.6 83.5 101.2
16 a-ionone 97.2 114.6 112.3 111.2 106.4 106.9
17 methyl isoeugenol 104.3 102.2 101.3 103.6 98.9 87.2
18 eugenol acetate 111.2 84.2 112.3 103.2 101.2 83.2
19 butylphenyl methylpropional 106.3 109.2 101.6 102.6 98.2 79.4
20 acety isoeugenol 91.5 89.6 94.3 92.6 83.4 93.6
21 amyl cinnamate 98.4 98.4 95.6 98.4 92.6 92.8
22 lyral 114.3 106.8 109.6 106.4 106.2 63.6
23 a-amylcinnamyl alcohol 93.2 90.3 75.2 94.6 90.6 92.4
24 farnesol 76.8 79.6 87.2 86.4 76.9 97.9
25 hexyl cinnamal 94.6 93.2 78.4 90.2 80.6 92.6
26 benzyl benzoate 79.9 61.2 82.3 86.2 85.6 82.3
27 benzyl salicylate 73.6 84.6 80.4 80.3 82.6 71.1
28 benzyl cinnamate 72.4 85.6 81.2 93.1 78.6 76.7
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Table 5 Fragrance components detected in several cosmetics

Cosmetic type

Compounds

Toning lotion limonene, benzyl alcohol

Hair mask benzyl alcohol, coumarin, benzyl benzoate

Talcum powder

ol, eugenol acetate, benzyl benzoate, benzyl salicylate

Eye shadow coumarin, a-ionone

Moisturizing lotion

Massage oil coumarin, benzyl benzoate

Lip gloss coumarin, benzyl salicylate

Skin cream coumarin

Shampoo coumarin, farnesol, benzyl benzoate

Body lotion

benzyl alcohol, linalool, geraniol, anise alcohol, cinnamyl alcohol, eugenol, coumarin, a-ionone, methyl isoeugen-

coumarin, a-ionone, butylphenyl methylpropional, benzyl salicylate

limonene, linalool, anise alcohol, cinnamyl alcohol, eugenol, methyl eugenol, coumarin, isoeugenol, a-ionone,

methyl isoeugenol, eugenol acetate, lyral, farnesol, benzyl benzoate, benzyl salicylate, benzyl cinnamate

Bath salt crystals

Lip balm limonene, benzyl alcohol, linalool

linalool, citronellol, citral, a-ionone, farnesol, benzyl benzoate, benzyl salicylate

3 it
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