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ABSTRACT

A Gas Chromatography-Flame lonization Detector method was optimized for the rapid detection of lard in cos-
metic lotion samples. Lard was extracted using the Soxhlet method, and lotion oils were isolated via liquid-liquid
extraction at 60 °C. The method demonstrated high linearity (R?) ranging from 0.9983 to 0.9998 across a concen-
tration range from 1 to 100 ug/mL for four fatty acids: C20:2, C20:3n6, C20:3n3, and C20:4, which are biomarkers
for lard. The precision was high, with a Relative Standard Deviation not exceeding 5.82%. The recovery rates
from the spiked samples ranged between 93.00% and 103.58%. The Limit of Detection and Limit of Quantitation
were 0.16-0.25 ug/mL and 0.54—-0.84 ug/mL, respectively. The validated method was applied to 20 commercial
lotion brands collected from Yemeni markets. None of the analyzed samples showed the characteristic fatty acid
markers of Lard. The developed GC-FID method, combined with principal component analysis provides a rapid,
reliable, and cost-effective approach for halal authentication of cosmetic products.
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1. INTRODUCTION non-Muslims are becoming more discerning about the

assurance that the cosmetic products are of the highest
The global consumption of personal care products, par- quality [11, 12].
ticularly lotions and creams, has increased tremendously
[1, 2]. Given their constant and direct contact with the To analyze lard, the development of an analytical
skin, the safety and suitability of the ingredients in these method that offers fast and reliable results is required.
preparations are critical [2—4]. Fourier-transform infrared (FTIR) spectroscopy, biochem-

ical techniques (including DNA-based polymerase chain
reaction (PCR), enzyme-linked immunosorbent assay
(ELISA), electronic nose technique (EN), and chromato-
graphic techniques) are the four main analytical tech-
niques used in lard analysis, which allow the identifica-
tion of lard in complex matrices [5, 7, 8].

In some formulations, lard (pig fat) is used as a
viscosity-increasing agent [5, 6]. While the Food and
Drug Administration (FDA) recognizes lard as a safe sub-
stance, its inclusion in cosmetics is strictly prohibited in
Islamic practice [7]. Consequently, there is a rising de-
mand from both Muslim and non-Muslim consumers for

high-quality, pig-derived-free products [8—10]. Therefore, Chromatographic techniques such as high-
lotion cosmetic products without pig derivatives are not performance liquid chromatography (HPLC) and gas
only becoming more popular among Muslims, but also chromatography (GC) are widely used in the detection
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of lard adulteration. One of the developed methods is
gas chromatography/flame ionization detector (GC/FID),
which is a highly effective choice. It is a fast, specific,
reproducible, sensitive, low-cost, rapid, and reliable tool
for the separation and quantitation analysis of lard in
food and cosmetics matrices [10, 13].

Previous research has shown GC/FID to be a method
for analyzing lard, mainly in food products or lard mix-
ture with other fats or oils [14—17]. Most studies have
focused on detecting lard in food or food products [5—
8, 14, 16-19]. In Yemen, a published study indicates
that lard was detected in food commodities [20], but the
detection of lard in cosmetics, specifically in lotion, has
not been studied. Although several GC-based methods
have been reported for food matrices, direct application
of these methods to cosmetic products remains challeng-
ing because lotions contain complex formulations includ-
ing emulsifiers, surfactants, preservatives, fragrances,
and various lipid components that may interfere with lipid
extraction and chromatographic determination.

Therefore, the optimization of extraction and deriva-
tization conditions specifically for cosmetic matrices is
necessary to achieve accurate and sensitive lard detec-
tion. The objective of this study was to develop and
validate a rapid and reliable G/FID method combined
with chemometric analysis for the detection of lard in cos-
metic lotion products. In addition, this study evaluated
the suitability of selected fatty acid methyl ester (FAME)
biomarkers for the halal authentication of lotion products
available in the Yemeni market.

2. MATERIALS AND METHODS
2.1. INSTRUMENTS

A Shimadzu QP2010 (GC-FID) system (Tokyo, Japan)
equipped with a DB-Wax polyethylene glycol capillary
column (60m x 0.25mm i.d., 0.25um film thickness)
was used.

Helium (purity 99.99%) was used as the carrier gas,
with a flow rate of 0.89 mL/min and pressure-controlled
mode at 141 kPa. 1uL of the sample was injected in
splitless mode. The injection and detection temperatures
were 50 °C and 250 °C, respectively. The GC/FID tem-
perature program used was as follows: initial 50 °C, then
increased by 10°C min.~! to 250 °C and held for 31 min.

Additional equipment included an Analytical balance
GR-202 (Japan) and a heater (DLAB, MS7-H550-S). Dry-
ing oven (Memmert, Germany) was used. Centrifuge
(Sigma, Germany). Soxhlet Apparatus (Gerhardt, Ger-
many). 15 and 50 mL polytetrafluoroethylene (PTFE)
centrifuge tubes with ethylene-tetrafluoroethylene screw
closures (Nalgene, Rochester, NY) were used.

2.2. REAGENTS AND MATERIALS

A 37-component Fatty Acid Methyl Esters (FAMES) mix
(purity 99%) from Supelco, Sigma-Aldrich, USA was
used to identify the fatty acid composition of the pure
and adulterated lotion samples. The lard samples were
sourced from Tunisia.

Analytical grade solvents used for fat extraction and
GC/FID system, n-hexane (99.9% w/w), diethyl ether
(99.5% w/w), and (14% w/v) boron trifluoride in methanol
were purchased from Sigma-Aldrich; methanol (99.9%
w/w) and ethanol (96% w/w) were purchased from Schar-
lau. Also, the solid materials used—sodium hydroxide
(96% w/w), sodium sulfate anhydrous (98.5% w/w), and
potassium hydroxide (99.9% w/w)—were purchased from
Scharlau.

2.3. PREPARATION OF STANDARD SOLU-
TIONS

Intermediate standard solutions (100-300 xg/mL) were
prepared from a stock solution containing a mixture of
37 fatty acid methyl ester (200-600 ug/mL). A Calibration
mixture with six concentration levels (1-100 #g/mL) was
prepared in n-hexane from an intermediate standard
solution.

2.4. EXTRACTION OF P1G FAT (LARD) USED
AS A REFERENCE

The pig fat (lard) was extracted from a pig tissue-meat
mixture once time using a Soxhlet apparatus to serve
as a reference material. A 5.0 g sample was placed into
a cellulose thimble and dried to remove residual mois-
ture before being subjected to extraction with 150 mL n-
hexane. The process was maintained for approximately
3 h at 70 °C. Following the extraction process, the solvent
was evaporated at room temperature to obtain concen-
trated lard lipids [20, 21].

2.5. OPTIMIZATION OF EXTRACTION PARAM-
ETERS

To achieve maximum recovery and sensitivity for the
rapid detection of lard in lotion matrices, five extraction
variables were optimized:

+ Extraction Solvent: The efficiency of n-hexane and
diethyl ether as perfect solvents was tested to deter-
mine the most effective solvent for fatty acid recovery.

» Solvent Volume and Ratio: Different ratios of 15mL
and 20 mL of n-hexane to ethanol (2:1 and 3:1) were
tested to ensure a sufficient yield of approximately
100 mg of oil.

» Shaking Time: The effect of mechanical shaking was
evaluated over a range of 1 to 10 min. to establish the
minimum time required for effective lipid extraction.
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 Extraction Cycles: The multiple extraction runs were
performed to establish the required number of extrac-
tion runs for the complete recovery of lard from the
pig sample.

+ Centrifugation Time: Separation durations from 1 to
10 min. were investigated at 4,000 rpm to determine
the optimal time for phase separation and oil layer
recovery.

2.6. OPTIMIZATION OF ESTERIFICATION PRO-
CEDURES

Two derivatization methods were compared to identify
the most efficient method for converting lotion-extracted
lipids into fatty acid methyl esters.

Method 1: Oil 100mg was dissolved in n-
hexane(10 mL) and treated with 100 L of 2M potassium
hydroxide in methanol. The mixture was shaken for 30
seconds and centrifuged for 5min. at 4000 rpm, the
supernatant was separated for analysis [12].

Method 2: 100 mg of oil was dissolved in 10 mL of
0.5M sodium hydroxide in methanol and boiled at 60°C
for 5min. Subsequently, 10 mL of 14% w/v boron trifluo-
ride in methanol was added and boiled for 2min. Then,
adding 10 mL of n-hexane and mixing well, the organic
layer was separated and dried with anhydrous sodium
sulfate for analysis [22, 23].

2.7. SAMPLE COLLECTION

Twenty lotions (imported and locally manufactured
brands) were randomly collected from markets in Sana’a,
Yemen. The samples were transported to the laboratory
in their original containers.

2.8. SPIKED SAMPLE PREPARATION

5.0g of lotion was homogenized before spiking, then
spiked with lard at concentrations of 5-50% w/w, to eval-
uate the method performance. Lipids were esterified
before GC/FID analysis.

2.9. VALIDATION STUDY

The method was validated for specificity, linearity, accu-
racy, precision, limits of detection (LOD), and quantifica-
tion (LOQ), according to the AOAC [24].

2.10. CHEMOMETRIC ANALYSIS

To differentiate between lard, vegetable oils, and lotion
samples, the Unscrambler X10 software was used to
employ the chemometric method of principal component
analysis (PCA).

3. RESULTS AND DISCUSSION

3.1. OpTIMIZATION RESULTS OF THE EXx-
TRACTION PARAMETERS

To enhance the sensitivity and efficiency of the rapid
detection method, five parameters were optimized for the
extraction of lipids from lotion matrices.

3.1.1. Effect of Extraction Solvent

The efficiency of two organic solvent systems, n-
hexane/ethanol (2:1v/v), and diethyl ether/ethanol
(2:1v/v), was evaluated for the extraction of fatty acids
from lotion samples at room temperature (R.T). As shown
in Figure 1, the extraction efficiencies differed signifi-
cantly between the two solvent systems. Based on the
results, a mixture of n-hexane/ethanol (2:1 v/v) was se-
lected for all subsequent lipid extractions.

un-Hexanet+Ethanol (2:1v/v) W Diethyl ether+ Ethanol (2:1 v/v)

Ul

€15 C17:1 C1:0 €221 €222 C226
FAMEs

G.0E+0§

5.0E+05
4.0E+05
3.0E+05
2.0E+05
1.0E+05
0.0E+00
C11 c12

Figure 1. Comparative efficiency results of diethyl
ether/ethanol and n-hexane/ethanol mixture for lipid extraction
from cosmetic lotions, at RT, sample weight 5.0g.

Peak Area (le/s)

3.1.2. Effect of Shaking Time

The influence of shaking time on the extraction efficiency
was evaluated over a range of 1 to 10 min. using the
n-hexane/ethanol mixture (2:1 v/v) at room temperature.
The experimental results indicated that a shaking time of
1 min. was sufficient to achieve effective lipid extraction
from lotion samples (Figure 2). Consequently, 1 min. was
determined to be the optimal shaking time.

3.1.3. Effect of Solvent Ratios

Two different ratios of the extraction solvent mixture n-
hexane to ethanol (2:1 and 3:1 (v/v)) were optimized to
ensure maximum recovery. The results demonstrated
that a 2:1 (v/v) ratio was sufficient to provide a yield (Fig-
ure 3).

3.1.4. Effect of Extraction Cycles

The influence of the number of extraction cycles on re-
covery was investigated. Chromatographic analysis (Fig-
ure 4) demonstrated no substantial difference in the fatty
acid methyl esters (FAMEs) profiles between single and
multiple extraction cycles. Therefore, a single-step ex-
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Figure 2. Effect of shaking time on the extraction efficiency of
oil from the lotion sample using n-hexane/ethanol (2:1 v/v), at
(R.T), sample weight 5.0g.
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Figure 3. Effect of solvent mixture ratios on recovery yield of
fatty acids from lotion samples at (R.T), sample weight 5.0g.

traction was adopted to ensure that the method remained
rapid and cost-effective.

3.1.5. Effect of Centrifuge Time

Centrifugation duration was evaluated from 1 to 10 min.
The time was between 5 and 10 min. yielded no signifi-
cant increase in fat quantity. Thus, a centrifugation time
of 5min. was established as the optimal duration for the
experiment.

3.1.6. Final Extraction Protocol

Under the optimized conditions, 5.0g of the homog-
enized lotion sample was mixed with a 2:1v/v n-
hexane/ethanol solvent system. The mixture was then
centrifuged at 4,000 rpm for 5 min. at room temperature.
The resulting supernatant was separated and dried at
60 °C to obtain the fat residue for further analysis.

3.2. OPTIMIZATION OF ESTERIFICATION PRO-
CEDURES

Two esterification methods were investigated to deter-
mine the most effective derivatization procedures. The
efficiency was assessed based on the ability to com-
pletely convert the extracted lipids into FAMEs. As shown
in Figure 5, no significant differences were observed in

the FAMEs profiles of the two procedures. Therefore,
method 1 was selected for subsequent analysis due to
its simplicity, speed, and lower reagent consumption.

3.3. VALIDATION STUDY

3.3.1. Linearity

Linearity was evaluated at six concentrations of four
characteristic fatty acids (C20:2, C20:3n3, C20:3n6, and
C20:4), ranging from 1-100 pg / mL. The calibration
curves of four biomarkers, FAMEs, are illustrated in Fig-
ure 6. The correlation coefficient (R?) ranges from 0.9983
to 0.9998 (Table 1), which reflects high linearity.

The selection of C20:2, C20:3n6, C20: 3n3 and C20:4
as target biomarkers was based on their ability to discrim-
inate differentiate lard from commonly used vegetable
oils. Major fatty acids such as palmitic acid (C16:0),
stearic acid (C18:0), and oleic acid (C18:1), are abun-
dant in both animal fats and vegetable oils, therefore
lack specificity. In contrast, the selected minor fatty acids
occur in characteristic proportions in lard and have been
reported in previous studies as useful markers for halal
authentication [5, 8, 20]. Therefore, these compounds
were selected as the principal indicators for qualitative
identification, quantitative evaluation, and chemometric
classification of the samples.

3.3.2. Precision (Repeatability)

Method repeatability was assessed via intraday variation
of FAME standards in triplicate (Table 1). All the relative
standard deviation (%RSD) values were within the ac-
ceptable limit (<20%), which is justified as fit-for-purpose
in accordance with AOAC [24]. The highest observed
%RSD was 5.8%, which remained well within the accept-
able limit. These results confirmed the high repeatability
and reliability of this analytical method. Additional inter-
day precision and robustness studies were conducted,
yielding %RSD values below 10%, indicating satisfactory
method robustness.

3.3.3. Limit of Detection (LOD) and Limit of Quantifi-
cation (LOQ)

Sensitivity was determined using signal-to-noise ratios

of 3:1 for LOD and 10:1 for LOQ, respectively. The

equations used were as follows:

LOD =3 X Cgg % Hnoise/Hstd (1)

LOQ =10 x Cstd X Hnoise/Hstd (2)

Where Cg4, Hypise, and Hg;y are the concentration of the
standard, height of the noise peak, and height of the
standard peak, respectively.

The LOD ranged from 0.16 to 0.25 ug/mL, and the
LOQ ranged from 0.54 to 0.84 ug/mL (Table 2), demon-
strating the high sensitivity of the method for identifying
fatty acid components.
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Figure 4. Chromatograms of FAMEs extracted from cosmetic lotions using single and double extraction cycles.

Table 1. Precision data for the target biomarkers C20:2, C20:3n6, C20:3n3, C20:4.

Cn Conc. (pg/mL) | Regression equation R? %RSD

C20:2 1-100 y = 4001.3x +3011.9 | 0.9983 | 1.02-2.34
C20:3n6 1-100 y = 3949.6x —3543.1 | 0.9994 | 0.53-2.71
C20:3n3 1-100 y = 4370.5x +1940.8 | 0.9993 | 1.25-4.06
C20:4 1-100 y = 4304.6x — 3787.8 | 0.9998 | 0.70-5.82

%RSD: Relative Standard Deviation as Single Mean Value, R%: Correlation
Coefficient, the Regression mode is linear least squares.

Table 2. Limit of Detection and Limit of Quantification data for the C20:2, C20:3n6, C20:3n3, C20:4.

Cn Conc. Std (ug/mL) | Hppise Hgy Hioise/ Hstg | LOD (ug/mL) | LOQ (ug/mL)
C20:2 50.0 50.0 | 35524.0 0.00141 0.21 0.70
C20:3n6 50.0 48.0 34049.0 0.00141 0.21 0.70
C20:3n3 50.0 45.0 | 26673.0 0.00169 0.25 0.84
C20:4 50.0 30.0 27622.0 0.00109 0.16 0.54

Std: standard, H: height of peak, LOD: Limit of Detection, LOQ: Limit of Quantification.
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Figure 5. Effect of esterification method on the percentage of
high FAMEs yield.

3.3.4. Spiked Lotion Analysis

To validate the method in a complex matrix, lotion sam-
ples were spiked with lard at concentrations ranging
from 5%—-100% [12]. As shown in Table 3, the method
achieved high recovery (%R) rates (93.00% to 103.58%),
while the corresponding chromatograms in Figure 7 con-
firm the method’s sensitivity for detecting lard adulter-

ation. The recovery was calculated using the following
equation:

Spiked concentration

%R = -
Measured concentration

©)

3.4. REAL LOTION SAMPLES ANALYSIS

The validated method was used to screen 20 local and
imported lotion brands from Yemeni markets for lard
adulteration. Authentication depends on the simultane-
ous identification of four characteristic FAME markers:
C20:2, C20:3n6, C20:3n3, and C20:4. Although these
fatty acids may appear individually in some vegetable
oils, their collective presence is a definitive indicator of
lard.

As shown in Figure 8 and Table 4, a single fatty acid
peak at 100% indicates that only one compound exists
in the lotion sample, which confirms the high purity of the
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Figure 6. Calibration curves of the biomarker of FAMEs of Cn standards.

Table 3. Recovery results of spiked lotion samples at lard-specific markers.

Sample C % C20:2 C20:3n6 C20:3n3 C20:4

Code plke PA.S.S | RPA. (%) | %R | PA.S.S | R.PA.(%) %R PA.SS | RPA. (%) | %R | PA.S.S | R.PA. (%) %R
L-0 0 0 0 0 0 0 0 0 0 0 0 0 0
L-S1 5 5005.0 4.70 94.04 | 890.0 517 103.40 | 2690.0 4.83 96.61 815.0 4.86 97.22
L-S2 10 10385.0 9.76 97.57 | 1601.0 9.30 93.00 | 5490.0 9.86 98.59 | 1690.0 10.08 100.80
L-S3 20 20377.0 19.14 95.72 3255.0 18.91 94.54 10944.0 19.65 98.26 | 3127.0 18.65 93.26
L-S4 30 29953.0 28.14 93.80 5022.0 29.17 97.24 16096.0 28.90 96.35 | 4921.0 29.35 97.84
L-S5 40 40647.0 38.19 95.47 | 7071.0 41.08 102.69 | 21560.0 38.72 96.79 | 6297.0 37.56 93.90
L-S6 50 49893.0 46.87 93.75 | 8915.0 51.79 103.58 | 26831.0 48.18 96.36 | 7997.0 47.70 95.40
L-100 0 106439.8 N/A N/A 17214.5 N/A N/A 55686.7 N/A N/A 16765.3 N/A N/A

L-0: Unspiked Lotion, L-S (1-6): Spiked samples (1-6), L-100: 100% Lard (Pure), G, (%): Spike Conc. (%), PA. S.S: Peak
Area of the Spiked Sample. The Relative Peak Area (R.P.A.) (%) formula calculates recovery or response efficiency in spiked vs.
unspiked samples during GC method validation, particularly for accuracy or recovery studies. %R: Recovery Percentage. N/A: Not

Applicable.
uVix10,000)
Chromatogram
4004
100% lard
375 50%
] 40%
g 13{]_: 300/0
u . 20%
g 3154 10%
% ] 5%
& 30 Unspiked lotion
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R W s L 38 min
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Figure 7. Chromatograms of unspiked and spiked lotion sample with 5-100% Lard.

tested lotion and that it is free from lard. The results of e (Lo. 1): contains C20:3n6 at 100%, and the other
the lotion samples were categorized into six groups. biomarker FAMEs were not detectable.
* (Lo. 8, 11, 13): contained C20:2 in 100%, and the
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Figure 8. Chromatograms of some commercial lotion samples vs. a 50% Lard spiked sample.

other biomarker FAMEs were not detectable.

* (Lo. 3,4, 10, 12, 18, 20): contained C20:4 in 100%,
and the other biomarker FAMEs were not detected.

* (Lo. 5, 16, 19): contains C20:3n3 in 100%, and the
other biomarker FAMEs were not detectable.

* (Lo. 2, 6, 14, 15, 17): have different ratios of the two
FAMEs, and the other two biomarker FAMEs were not
detectable.

* (Lo. 7, 9): none of the four biomarker FAMEs were
detectable.

All results confirmed that none of the commercial sam-
ples contained the full suite of markers. These results
confirm that the tested lotions are free of lard and meet
halal authentication standards.

3.5. STATISTICAL ANALYSIS: PRINCIPAL
ComMPONENT ANALYsIS (PCA)

Principal Component Analysis (PCA) was applied to the
FAME profiles to evaluate the discrimination between
lard and commercial lotion samples. The PCA score
plot demonstrated a clear separation between the lard
reference and analyzed lotion samples. PC1 and PC2

explained the majority of the total variance in the dataset
(the exact percentages are reported on the PCA axes),
indicating that the selected biomarkers contributed sig-
nificantly to the sample classification. The absence of
overlap between lotion samples and lard confirms the
effectiveness of the developed method for halal authenti-
cation and cosmetic quality assessment.

Figure 9 shows that a PCA score can be differentiated
between lard from the studied oils, which were sepa-
rated from the lotion samples. PC1 variance explains
65% of the total variance in the data, and PC2 variance
explains 19% of the total variance. The total variance
could explain more than >84%, with a significant dis-
tance between the lard and lotions groups, confirming
fundamental fatty acid composition differences. No over-
lap observed between the market lotion samples and
the lard reference. PCA provides statistical confirmation
of manual peak identification, establishing a robust “fin-
gerprinting” for halal authentication in complex cosmetic
lotion matrices.
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Table 4. Relative contribution (%) of detected marker peaks in lotion samples.

Lotion sample | C20:2, % | C20:3n6, % | C20:3n3, % | C20:4, %
Lo. 1 ND 100.00 ND ND
Lo. 2 57.52 ND 42.48 ND
Lo. 3 ND ND ND 100.00
Lo. 4 ND ND ND 100.00
Lo. 5 ND ND 100.00 ND
Lo. 6 ND ND 64.74 35.26
Lo. 7 ND ND ND ND
Lo. 8 100.00 ND ND ND
Lo. 9 ND ND ND ND
Lo. 10 ND ND ND 100.00
Lo. 11 100.00 ND ND ND
Lo. 12 ND ND ND 100.00
Lo. 13 100.00 ND ND ND
Lo. 14 ND ND 25.08 74.92
Lo. 15 ND ND 63.96 36.04
Lo. 16 ND ND 100.00 ND
Lo. 17 ND ND 51.67 48.33
Lo. 18 ND ND ND 100.00
Lo. 19 ND ND 100.00 ND
Lo. 20 ND ND ND 100.00
Lard sample 54.28 8.78 28.40 8.55

Lo.: Lotion Samples, ND = not detectable. Percentages represent the relative
distribution of the detected marker peaks only and do not represent the total
fatty acid composition of the sample.
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Figure 9. PCA Score plot of the PCS model based on fatty acid methyl esters (FAMEs) compositions.
4. CONCLUSION cost-effective, and reliable tool for halal authentication

and routine quality control of cosmetic products. Future
studies may extend this approach to other cosmetic for-
mulations and employ GC/MS for further confirmatory
analysis.

This study successfully developed and validated a
GC/FID method combined with chemometrics analysis
for the detection of lard in cosmetic lotion products. The
optimized extraction and derivatization procedures pro-
vided high recovery, excellent linearity, satisfactory pre- ACKNOWLEDGEMENTS
cision, and adequate sensitivity of the method. The
selected FAMEs biomarkers enabled reliable differentia-
tion between the lard and lotion matrices. The applica-
tion of the method to 20 commercial lotion samples col-
lected from Yemeni markets showed no evidence of lard
adulteration. The proposed approach offers a practical,
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