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Abstract

Cosmetic products containing hemp seed oil as permitted raw materials required the specific compound delta-9-
tetrahydrocannabinol (THC) below 10 mg/g. THC was the main psychoactive constituent of cannabis. Since hemp seed
oil became an increasingly popular ingredient in cosmetics over the last few years, an efficient and reliable analytical
method for THC and other cannabinoids in cannabis-infused cosmetic products was in need. A liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method for the determination of delta-9-tetrahydrocannabinol (THC), canna-
bidiol (CBD), and cannabinol (CBN) in hemp seed oil based cosmetic products was developed. Method validation was
performed by fertilizing blank samples with analytes and internal standards (THC-d3, CBD-d3, and CBN-d3). Chro-
matographic method utilized a Xbridge BEH Shield RP18 column with gradient elution containing 10 mM ammonium
formate in water and methanol provided successful separation of THC, CBD, and CBN in cosmetic matrix. The com-
bination of MS detection in positive electrospray ionization (ESI) and multiple reaction monitoring (MRM) mode
offered rapid run time 13 minutes with limit of quantification (LOQ) of 0.05 mg/g. The intra- and inter-day recoveries
were 79.23-114.04% and 83.55-111.61% with spiking levels ranged between 0.05 mg/g and 0.5 mg/g, respectively. Sur-
veillance results of 90 cosmetic products showed 22, 34, and 5 products containing THC (0.06-1777 mg/g), CBD (0.47-
37217 mg/g), and CBN (2.2-25.2 mg/g), respectively. This validated method offered accurate, reliable, and fast way for the
determination of drug contaminations including THC, CBD, and CBN in cosmetics. The surveillance results for com-
mercial cosmetic products purchased in Taiwan between 2018-2020 provided valuable background references for THC,
CBD, and CBN in hemp seed oil based cosmetic products, and could be used for administration purpose.

Keywords: Cannabidiol, Cannabinol, Cosmetics, Tetrahydrocannabinol

1. Introduction

T he term “hemp”, or industrial hemp, is a
variety of the Cannabis sativa plant species

that is grown specifically for industrial use [1]. It
can be refined into a variety of commercial items,
including paper, rope, textiles, clothing, biofuel,
food, and animal feed. These products require not
more than 0.3 percent psychoactive component
THC in general. However, the legality of indus-
trial hemp varies widely between countries. Some
area regulates THC and permits only hemp that is

bred with an especially low THC content [1]. By
contrast, another plant similar to hemp called
“marijuana” or “weed” refers to the dried leaves,
flowers, stems, and seeds from the Cannabis
sativa or Cannabis indica plant, contained 5-20%
THC was prohibited.
Hemp seed oil, obtained from the seed of Cannabis

sativa L., is a naturally rich source of high quality
protein and essential polyunsaturated fatty acids
including omega-6 and omega-3 [2]. The health
benefits of hemp seed oil are attributed mainly to its
desirable omega-3 and omega-6 fatty acid ratio, 3:1,
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which is suggested as being optimal for human
nutrition [3e5]. This unique composition of hemp
seed oil differs from the other common seed oils and
offers opportunities for the development of special
nutritional formulations, personal care products,
and cosmetics such as soap, lotion, shampoos and
lipsticks [3,6e8]. Studies suggested that hemp seed
and its oil may benefit skin disorders, improve
itchiness, and reduce irritation [9, 10]. In recent
years, researchers have also investigated its use for
anti-inflammatory properties [11, 12]. The advan-
tages to hair such as hair growth, and prevention of
dry, split ends, and breakage were reported [13].
Nowadays, cosmetic regulatory compliance of

cannabis-derived ingredients as plant extracts, and
does not prohibit or restrict the use of them in
cosmetics. However, the amounts of D9-tetrahy-
drocannabinol (THC) and cannabidiol (CBD) are
strictly regulated and limited. THC is the major
psychoactive component of Cannabis sativa L. and
may cause central nerve system disorders. In addi-
tion to THC, hemp seed oil contains many other
minor cannabinoids including CBD and CBN. CBD
is the second highest component in Cannabis sativa
L., and accounts for up to 40% of the plant's extract
[14]. CBN was an oxidation byproduct of THC and
was the first identified cannabinoid and commonly
found in aged cannabis materials. Although CBN
was not produced by the metabolism of the plant, it
was easily formed from THC by degradation during
drying, storing, and consumption (heating) of
cannabis products. As a result, it may play a sig-
nificant role in quality control attributed to Cannabis
utilization. The commonly used detection methods
for cannabinoids were gas chromatography-mass
spectrometry (GC-MS) [15], HPLC-PDA [16], HPLC-
fluorescence, and liquid chromatography-mass
spectrometry (LC-MS/MS) [16e19]. Most of them
used for forensic analysis of hair [18], blood [20],
urine [21], and oral fluid [17], while others focused
on natural products such as hemp seed oil [16] and
herbal products [19], only a few were interested in
cosmetics [22]. Cosmetic products contained high
oils, surfactants, and oil-in-water emulsions, which
made sample preparation difficult. Solvent system
such as hexane, ethyl acetate, isopropyl alcohol,
acetonitrile, methanol along with liquid-liquid
extraction were developed for testing water or oil
based samples [17e20, 22]. Solid phase extraction
(SPE) may be applied to remove phospholipids
(PLs) in blood samples [20].
This study aimed on the rapid determination of

cannabinoids such as THC, CBD, and CBN in hemp
seed oil based cosmetic products. A relatively high
polarity solvent, methanol, was selected and tested

for rapid sample preparation without further SPE
purification. In this respect, multiple matrices were
investigated including lotion, cream, essential oil,
shampoo, hair colorant, shower gel, and lipstick
products. A surveillance study consisted with 90
commercial cosmetics demonstrated the relation-
ship between cannabinoid contents and product
types was discussed.

2. Materials and methods

2.1. Chemicals, reagents and samples

D9-Tetrahydrocannabinol (THC, 1 mg/mL in
methanol), cannabidiol (CBD, 1 mg/mL in meth-
anol), cannabinol (CBN, 1 mg/mL in methanol), D9-
tetrahydrocannabinol-d3 (THC-d3, 0.1 mg/mL in
methanol), cannabidiol-d3 (CBD-d3, 0.1 mg/mL in
methanol), and cannabinol-d3 (CBN-d3, 0.1 mg/mL
in methanol) were purchased from Sigma Aldrich
(St. Louis, MO, USA). Hemp seed oil based cosmetic
products were either purchased from local market
or supported from customs and prosecution.

2.2. Sample preparation

Cosmetic samples were homogenized, and then
0.2 g each was accurately weighed into a 10-mL
volumetric flask. The flask was added approxi-
mately 8 mL methanol as extraction solvent and
25 mL of the internal standards (IS) mixed solution
(10 mg/mL each in methanol). Analytes was extrac-
ted by ultrasound-assisted extraction with methanol
for 30 min. The sample was dilute with methanol to
10 mL, filtered through a 0.22 mm PTFE membrane
prior to LC-MS/MS analysis.

2.3. Separation and detection

Chromatographic separation was performed
using ACQUITY UPLC H-Class system (Waters
Corp., Milford, MA, USA) and a Xbridge BEH
Shield RP18 column (3.0 mm � 100 mm, 2.5 mm
particle size, Waters) at flow rate of 0.6 mL/min. The
column was kept at 40�C and the sample was
maintained at 15�C. The mobile phase of the LC
system consisted of 10 mM ammonia formate buffer
(A) and 10 mM ammonia formate in methanol (B).
Linearly gradient was programed as follows: 0-
5 min, 80% B; 5-6 min, 80-100% B; 6-8 min, 100% B;
8-8.1 min, 100-80% B; 8.1-13 min, 80% B. The sample
injection volume was 3 mL. MS detection was per-
formed by a Xevo TQ-XS triple quadrupole mass
spectrometer (Waters) at positive electrospray
ionization. Multiple reaction monitoring (MRM)
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parameters of THC, CBD, and CBN were listed as
Table 1.

2.4. Method validation

2.4.1. Limits of quantification (LOQs)
Blank cosmetic samples were spiked with selected

concentrations of THC, CBD, and CBN at 5, 10, 20,
25, 50, and 100 ng/g. Limit of quantification (LOQ)
was evaluated by measuring the lowest concentra-
tion level in spiked samples while the signal-to-
noise ratios were least 10:1 or higher for quantifi-
cation ions.

2.4.2. Linearity of calibration
Triplicate six-point calibration curves with con-

centration ranging from 1-50 ng/mL for THC, CBD,
and CBN were prepared in methanol and fitted with
a weighted (1/concentration) linear equation. The
correlation of coefficient (r) should be above 0.99.
For quantitative applications, individual standards
should not deviate by more than 20% from the
nominal value.

2.4.3. Accuracy and precision
A total of five replicate quality control (QC) sam-

ples at each of 4 different concentrations (50, 100,
250, 500 ng/g) in five different matrices (lotion,
essential oil, shampoo, shower gel, and lip balm)
were tested for intra-day and inter-day precision and
accuracy. Inter-day studies were tested on three
different dates. The requirement of repeatability
precision of intra-day results must be within 15-20%
coefficient of variation (CV) of the nominal value,
and intermediate precision must within 18e22% CV.

2.4.4. Matrix effects and recovery studies
Matrix effects were measured by comparing the

peak area of analytes in spiked sample extracts and
in solvent. The percentage provided information
about ion suppression or enhancement caused by
cosmetic matrices. Sample type for matrix effect
evaluation included lotion, essential oil, shampoo,

shower gel and lip balm. For each compound, four
concentrations (50, 100, 250, 500 ng/g) were tested
with triplicates. Recoveries were calculated by
comparing the mean peak areas of analytes in blank
matrix and in solvent. Besides, internal standard
method with isotopically labeled internal standards,
THC-d3, CBD-d3, and CBN-d3 was also evaluated.
The acceptable recoveries should be within 75-120%
and precision must not exceed 10% CV.

2.5. Surveillance of THC, CBD, and CBN in
cosmetics

Eighty-three samples were detained from customs
and prosecutors. Seven samples were purchased
from local department stores and drugstores. Sam-
ple types included lotions, creams, serums, essential
oil, shampoos, treatments, shower gels, and lip
balm. Each test samples were analyzed in duplicate
using the validated method. Quality control (QC)
samples were spiked with THC, CBD and CBN and
internal standards in each of matrices.

3. Results and discussion

3.1. Sample preparation

Hemp seed oil based cosmetics contained rela-
tively low polarity contents. Hence, relatively high
polarity solvent such as isopropyl alcohol, ethyl
alcohol and methyl alcohol were tested for canna-
binoids extraction to reduce the interference of low
polarity contents such as oils and fats. Among these
solvents tested, methanol was found offered good
extraction yield and less fat solubility. The followed
ultrasonication assisted analytes releasing from
samples. Satisfactory recovery rates were obtained
using this simple and rapid sample preparation
procedure without further cleaning and purification.

3.2. Optimized separation and MS detection

Conventional C18 columns could initially be used
with an appropriate gradient. Therefore, LC

Table 1. MS/MS conditions for THC, CBD, and CBN.

Analytes Polarity
(ES)

Retention
Time (min)

Quantification ion Qualification ion

Precursor ion >
Product ion (m/z)

C.V. (V) C.E. (eV) Precursor ion >
Product ion (m/z)

C.V. (V) C.E. (eV)

THC þ 3.82 315 > 193* 40 20 315 > 259 40 15
CBD þ 2.34 315 > 193* 40 20 315 > 259 40 15
CBN þ 3.42 311 > 223* 30 15 311 > 241 30 18
THC-d3 þ 3.81 318 > 196 40 15
CBD-d3 þ 2.33 318 > 196 40 15
CBN-d3 þ 3.40 314 > 223 30 15

Abbreviations: C.V., cone voltage; C.E., collision energy.
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separation was evaluated on Shiseido CAPCELL
PAK C18 column (2.7 mm, 4.6 � 150 mm) and
Xbridge BEH Shield RP18 column through isocratic
and gradient elutions with mobile phases such as
methanol and acetonitrile system. The results found
that Xbridge BEH Shield RP18 column with solvent
system contained 10 mM ammonium formate pro-
vided adequate separation. The retention time (RT)
for CBD, THC, and CBN was 2.44, 3.98, and
3.57 min, respectively (Fig. 1). Total run time was
13 minutes in gradient mode. The mass spectrom-
eter was in positive ESI mode. THC and CBD were
isomers with the same monoisotope mass of

314.22 Dalton (Da) and showed an identical pre-
cursor to product ion transitions (315 / 193 and
259, Fig. 2).

3.3. Method validation

3.3.1. Accuracy, precision, and recovery
Precision and accuracy data were summarized in

Table 2. The coefficient of variation of QC samples
was less than 10% of nominal concentrations for
THC, CBD, and CBN. In most samples, accuracies
were within 15% and CV were less than 10%
(ranged between 4.4 and 8.7% for CBD, 3.2 and 9.3%
for CBN, 1.8 and 9.0% for THC). Similar results were
seen with other matrices of essential oil, shampoo,
shower gel, and lip balm. The intra-day recoveries
ranged from 79-113% for CBD, 87-106% for CBN,
and 84-114% for THC (Table 2). The obtained results
demonstrated the analytical method for the deter-
mination of THC, CBD, and CBN in hemp oil based
cosmetics was validated in this work.

3.3.2. Limits of quantification (LOQs)
Limit of quantification (LOQs) levels were estab-

lished for each cannabinoid. The LOQs in this study
was found to be 50 ng/g for THC, CBN, and CBD.
Precision and accuracy at this concentration level
was determined to be satisfactory (Fig. 1).

3.3.3. Linearity of calibration
Standard curves were made in triplicate for each

concentration of THC, CBD, and CBN. Good line-
arity was achieved over the concentration of 1-
50 ng/mL with the application of a weighting factor
(1/x). The correlation coefficient values were
r � 0.999 for THC, r � 0.998 for both CBN and CBD.

3.3.4. Matrix effects
Matrix effect is due to the presence of coeluting

matrix compounds that affect analyte ionizations
leading to notable errors in quantification, and af-
fects accuracy in LC-MS/MS method, unless
adequately corrected or minimized. The use of in-
ternal standard is one of the most suitable for a
reliable correction. Five matrix of cosmetics
including lotion, essential oil, shampoo, shower gel,
and lip balm were tested in this study, and the
matrix effect was defined as the response ratio be-
tween analytes in matrix extract and analytes in
solvent at the concentration of 0.5 mg/g. The results
showed in Fig. 3 that signal suppression was
observed higher in lotion than in essential oil,
shampoo and lip balm. The use of internal standard
correction observed better and satisfied results in
most tested samples. In essential oil matrix (Fig. 2B),

Fig. 1. Chromatograms for blank matrices (dash) and spiked sample at
limit of quantification 50 ng/g (solid).
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internal standard correction presented few negative
effects. This may due to the complicate formula of
essential oil and the higher content of solvents in
essential oil products which may affect sample
extraction. Consequently, the use of isotopically
labeled internal standards was highly recom-
mended for the analysis of cosmetic products.

3.4. Surveillance results of cosmetics

According to regulations for the control of
cosmetic hygiene, cosmetics are defined as products
designed for topical use, such as moisturizers, de-
odorants, and makeup. A surveillance study con-
sisted of 90 cosmetic samples was conducted. All of
them claimed containing hemp seed oil or hemp
seed extract as ingredient. Most of them were leave-
on products (44 samples) including lotions and
creams. Others were essential oils (20 samples),
hair-care products (10 samples), rinse-off products
(10 samples), and lipstick products (6 samples).

Samples were collected between 2018 and 2020.
Collection criteria of cosmetic samples in this study
were ingredients labelled with “hemp seed oil” or
“Cannabis sativa seed oil” as key words, or “CBD” or
“Hemp” as specific product name. The test results
showed 22 samples were found of THC (Table 3).
The detected concentrations ranged between 0.063
and 1777 mg/g. Among them 11 samples (6, 4, 1 in
leave-on, essential oil, and lipstick samples,
respectively) were found THC concentrations above
10 mg/g which was the legal level in most of regu-
lations such as EU, Canada, and Taiwan. Thirty four
samples were detected of CBD ranged between 0.47
and 37,217 mg/g, and 5 samples were detected of
CBN ranged between 2.22 and 25.17 mg/g. In leave-
on products, an average level of CBD was obtained
as high as 7,720 mg/g. Nineteen samples were found
contained both THC and CBD. The present and
concentration of THC and/or CBD in cosmetics in
this study showed that there was no specific relation
between them. Although the qualitative

Fig. 2. Fragments spectra of standards CBD (A) and THC (B).
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Table 2. Intra- and inter-day precision and accuracy results in different sample type.

Sample type Spiked
level (ng/g) Intra-day (n ¼ 5) Inter-day (n ¼ 15)

50 100 250 500 50 100 250 500

Analyte REC*
(%)

CV*
(%)

REC
(%)

CV
(%)

REC
(%)

CV
(%)

REC
(%)

CV
(%)

REC
(%)

CV
(%)

REC
(%)

CV
(%)

REC
(%)

CV
(%)

REC
(%)

CV
(%)

Lotion CBD 98.80 7.14 87.73 4.43 87.03 8.67 113.47 7.87 101.50 8.71 91.92 7.46 90.85 8.31 104.00 8.57
CBN 90.20 8.42 86.70 7.84 92.43 4.13 95.37 4.52 92.27 7.69 90.75 9.33 94.87 5.91 92.55 5.13
THC 106.54 7.00 87.23 5.31 84.17 4.70 106.68 7.47 110.63 8.66 94.68 8.77 88.88 6.36 98.08 8.50

Essential oil CBD 92.60 5.37 97.40 5.92 88.27 6.04 98.67 3.91 99.96 9.19 95.81 5.65 91.38 6.26 97.14 5.72
CBN 91.12 7.94 92.34 5.01 96.57 4.25 101.95 4.34 91.53 5.04 89.85 5.92 97.30 4.85 98.71 5.43
THC 114.04 4.48 107.72 7.17 93.35 3.45 105.92 3.41 111.61 6.47 103.51 6.09 95.43 6.47 98.60 6.75

Shampoo CBD 86.38 4.36 84.55 3.45 82.51 4.15 100.06 3.01 90.63 7.10 91.06 8.45 88.91 8.61 95.52 9.92
CBN 96.74 6.64 100.61 7.73 95.28 5.05 99.96 3.61 91.82 5.79 93.38 9.35 97.60 4.62 101.21 3.54
THC 90.90 5.95 102.65 6.06 92.92 2.20 108.84 1.90 97.41 7.71 101.48 6.12 93.31 5.23 101.06 6.28

Shower gel CBD 86.56 2.95 79.23 4.59 84.77 8.68 95.14 5.86 92.06 6.85 88.03 8.75 89.57 8.35 94.10 6.66
CBN 92.04 6.35 88.22 5.30 94.88 6.44 102.56 3.29 83.55 9.91 85.55 7.44 90.34 6.34 98.00 6.69
THC 99.94 8.94 93.92 8.91 92.51 1.77 104.74 6.66 106.01 7.78 97.11 5.90 95.27 6.29 100.64 6.28

Lip balm CBD 100.68 6.06 92.26 5.33 91.85 5.01 101.61 8.42 101.65 7.24 95.12 5.59 93.04 5.95 96.78 8.51
CBN 106.08 9.31 97.19 2.79 102.77 3.21 102.12 5.52 104.46 9.82 98.65 7.49 97.50 6.07 104.68 7.42
THC 98.12 3.34 95.89 2.95 90.87 3.93 103.71 2.75 102.40 6.30 97.79 3.41 93.95 5.61 98.02 5.57

* REC, recovery; CV, coefficient of variation.

Fig. 3. Average matrix effects (ME, presented as recovery) for (A) lotion, (B) essential oil, (C) shampoo, (D) shower gel and (E) lip balm samples,
before and after correction with internal standards (ME IS).
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characterization of chemical phynotype in Cannabis
sativa L. was based on the THC/CBD ratio [23]. The
amounts of cannabinoids varied in hemp-seed
based cosmetics might be due to the variation of
ingredients from plants cultured on various climate
condition, cultivation location, genetic variability
and harvesting time [24]. It was suggested that
cannabinoids contribute to the chemical variabilities
in the final products [25]. The identification of other
minor cannabinoids might be another approach to
better understand the chemical profile of these
hemp-based cosmetics.
Label accuracy of cannabinoid-based cosmetics

was also an issue to be concerned. The labeling
accuracy of CBD showed 13 of 34 CBD detected
samples claimed to contain CBD (e.g., “Herbal
Fracture CBD”, “CBD 750 mg”, “CBD LIP BALM”,
“CBD DAY CREAM”, “CBD SERUM” and “CBD
DAILY SOOTHING SERUM”). The concentration
range of CBD in CBD claimed sample was between
10.9 and 37,217 mg/g, among them 7 articles also
detected THC over 10 mg/g. Also, four of the 13 CBD
claimed products did not specify how much CBD
they contained. And in the 9 that did, only six had a
CBD concentration within 10% of the amount listed
on their labels. Of the 4 products that claimed to
contain CBD but did not indicate the amount of it,
CBD detected range was between 10.90 and
57.70 mg/g. The consumption of those undisclosed
content of CBD products were for medical use or for
other purpose remained to be elucidated. This
developed method was successfully applied for the
quantitative analysis of cannabinoids in commercial
cosmetics products for a large range of matrix.

4. Conclusion

A presented method for the qualitative and
quantitative determination of several cannabinoids

including CBD, CBN, and THC, the main cannabi-
noids in hemp seed oil-based cosmetics, proved to
be specific and selective. This validated method was
applied into a surveillance consisted of 90 com-
mercial cosmetics. In most of countries, the use of
hemp seed oil as raw material in cosmetics was
permitted as long as the product content of THC
was below 10 mg/g. The examination result
concluded that of the 90 products, 41% (37/90)
contained cannabinoids (15 CBD only, 3 THC only,
19 both), though only 35% (13/37) claimed to con-
tained CBD. A high ratio of products analyzed
contained THC or cannabinoids, which were un-
disclosed on the label. The claimed amounts of
cannabinoids versus the actual amounts were
discovered to have 67% accurately labeled (6/9).
Moreover, 50% (11/22) of THC detected samples
were found to have noncompliance THC concen-
tration over 10 mg/g. Though the sample size for this
report is small, one should also consider the possi-
bility that a product containing these substances
may have both cosmetic and medical uses. Future
work will include not only researches to cover more
types of matrix of products, but also deeper in-
vestigations to other potential cannabinoids (ana-
logues/derivatives) in hemp seed oil based
cosmetics. The developed method for the quantifi-
cation of cannabinoids was validated and surveil-
lance reports could be used as a reference for
administration to protect cosmetics product safety.
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