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Abstract

Pharmaceutical products require attention for the Muslim community in relation to their halal status. Therefore
we need a method that is able to authenticate the halalness of pharmaceutical products, one of which is through
the volatilomics and chemometric approaches. This study is a narrative review on the application of volatilomics
and chemometrics for halal authentication of pharmaceutical products from 2013 to 2020. The study results show
that volatile compounds in a sample are typical compounds that can be used for halal authentication in various
products, including pharmaceutical products. Halal pharmaceutical products containing alcohol and its derivatives
critical points, gelatin, and collagen will be able to be detected using this method. Volatilomics using GC-MS as
an instrument is a selective and sensitive method for authenticating halal pharmaceutical products. The spectral
results from MS will be interpreted and visualized using chemometrics to make it easier to understand. PCA, PLS-
DA, and cluster analysis are chemometrics methods that reduce and present data more simply. The volatilomics
approach combined with chemometrics is a method that can be an alternative for authenticating halal
pharmaceutical products.
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1. Introduction

Currently, halal products continue to develop in
various countries, including Indonesia, which is
predominantly muslim [1]. One of the halal products
that is of concern is pharmaceutical products [2].
Pharmaceutical products include drugs, medicinal
ingredients, traditional medicines and cosmetics [3].
In the process of processing pharmaceutical
products there are still many that intersect with non-
halal products, thus making products that should be
halal become non-halal [4]. Non-halal products that
intersect with pharmaceutical preparations such as
the use of alcohol as a drug solvent [5], the use of
methanol as a solvent when extracting traditional
medicines [6], and the use of gelatin for cosmetics
[7]. Pharmaceutical products that are closely related
to alcohol and gelatin make it a challenge to make
these products safe for consumers [8]. Therefore it
is necessary to have a method capable of
authenticating the halalness of pharmaceutical
products to protect consumers from non-halal
products, one of which is through the volatilomics
approach [9].

Volatilomics is the study that continues to grow
about all the volatile organic compounds present in
the sample [10]. Volatilomics is widely applied for
halal analysis targeting volatile organic compounds,
such as alcohol, so this method is appropriate when
used for halal authentication of pharmaceutical
products [11]. Apart from alcohol, gelatin is also a
critical ingredient in halal pharmaceutical products,
especially for cosmetic products [12]. Gelatin
derived from pork is a non-halal compound, so if it
is exposed to cosmetics, it will become non-halal.
Gelatin is a protein product composed of many
organic compounds, including volatile organic
compounds [13]. This volatile organic compound
can be used as a reference to differentiate the origin
of gelatin, so that it can be used to authenticate
cosmetic halalness. Volatilomics is able to answer
cosmetic halalness, by analyzing volatile organic
compounds in gelatin [14]. In the volatilomics
analysis, many compounds will be produced from
the database so that chemometrics analysis is needed
to answer the halal authentication of pharmaceutical
products.

Chemometrics is an analytical method for presenting
volatilomics data in the analysis of halal
authentication of pharmaceutical products which is
so much simpler that it is easier to understand [15].
The most popular chemometrics analyzes used for
halal authentication of pharmaceutical products are
PCA (Principle Component Analysis) and PLS-DA
(Partial least squares-discriminant analysis) [16].
PCA is an analysis to reduce data and see the
distribution of halal and non-halal volatile
compounds in pharmaceutical products [17].
Meanwhile, PLS-DA is to predict which volatile
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compounds will determine the halalness of
pharmaceutical products. The existence of
chemometrics analysis will make it easier to
ascertain whether a sample of a pharmaceutical
product is halal or non-halal [18].

This review will discuss the volatilomics approach
combined  with  chemometrics for  halal
authentication of pharmaceutical products. Volatile
organic compounds are typical compounds that are
able to distinguish between halal and non-halal
components. Chemometrics analysis will be able to
interpret a lot of volatilomics data to be easier to
understand.

2. Methods

This study was a literature review with a narrative
review approach. PubMed, Scopus, and Google
Scholar databases were searched with the following
“volatilomics”, “chemometrics”, “pharmaceutical
products”, “alcohol”, “gelatin”, “cosmetic”, and
“halal” or “non-halal”. The relevance of the articles
obtained with the reviewed topic were then
determined. The number of articles that match the
keywords was 175 in the range from 2013 to 2023,
but 50 articles are used. This is because there are
those who do not use volatilomics or chemometrics
analysis in the manuscript.

3. Results And Discussion
Halal Pharmaceutical Products

Halal pharmaceutical products are all
pharmaceutical products that are free from non-halal
compounds, both directly in their ingredients and in
the production process [19]. Halal pharmaceutical
products include drugs that are free from alcohol and
their derivatives [20] and are also free from pork
components and their derivatives [21]. Alcohol is a
compound that is not allowed in pharmaceutical
products [22]. One of the alcohol group compounds
that are widely used in pharmaceutical product
processes is methanol and ethanol [23]. This
compound is often used as a solvent in the extraction
of natural products. The extraction results will then
be formulated into pharmaceutical products [24].
Pharmaceutical products are made from materials
whose extraction process uses methanol or ethanol,
making them products that are not halal [25]. Other
components besides alcohol that are the center of
attention in pharmaceutical products are pigs. One
of the currently trending pork components is the
origin of gelatin, whether gelatin comes from halal
or non-halal materials [26]. The main use of gelatin
in medicine is as a capsule shell. Gelatin has very
good properties as a material for making capsule
shells, but the origin of gelatin must be ascertained
[27]. Gelatin derived from non-halal materials, for
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example pork gelatin will make pharmaceutical
products containing this material non-halal.
Currently, besides drugs, pharmaceutical products
that continue to be developed are halal cosmetics
[28].

Cosmetics are part of pharmaceutical products.
Cosmetics are materials or preparations intended for
use on the outside of the human body such as the
epidermis, hair, nails, lips and external genital
organs, or teeth and oral mucous membranes,
especially for cleaning, perfuming, changing
appearance and/or improving body odor or
protecting or keep the body in good condition. Halal
cosmetic products may not contain ingredients
derived from pigs, carcasses, blood, human body
parts, predatory animals, reptiles, insects, and
others. Cosmetic ingredients derived from permitted
animals must be slaughtered according to Islamic
law to be considered halal [29]. The critical points
for the use of ingredients in the most popular
cosmetics are alcohol, gelatin and collagen [30]. The
use of alcohol in cosmetics is to kill bacteria and
shrink pores. Gelatin is used for gel formation in
cosmetic formulations, while collagen is used to
smooth and increase skin elasticity. These three
ingredients are ingredients that are often used in
cosmetic preparations, even though there are those
whose halal status has to be traced. The Indonesian
Ulema Council (MUI) states that the limit for the use
of alcohol is 0.5%, however exposure to alcohol in
pharmaceutical products should be avoided [31].
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Gelatin and collagen derived from animal products
need to be confirmed of their origin [32]. As with
gelatin, collagen derived from non-halal animals
will result in the cosmetics used being non-halal
[33]. Pharmaceutical products continue to grow, and
guarantees are needed to ensure that these products
are halal [34]. Therefore, an analytical method is
needed to authenticate the halalness of
pharmaceutical products. The right analytical
method will be able to answer the halalness of
pharmaceutical products. One of the analytical
methods capable of performing halal authentication
on pharmaceutical products is volatilomics [35].

Volatilomics Approach for Halal Authentication
in Pharmaceutical Products

Volatilomics is a method that analyzes volatile
organic compounds in a sample. Volatilomics is
widely used in the fields of biology, food,
pharmaceuticals and medicine [36]. Currently
volatilomics is an alternative choice in analytical
method approaches, especially those using GC-MS
(Gas Chromatography-Mass Spectrometry)
instruments [37]. This is because volatile
compounds have not been able to be detected using
other omic-based approaches such as metabolomics,
proteomics or lipidomics [38, 39]. Volatilomics is a
new reference in the authentication process for
various products, one of which is pharmaceutical
products [40].

Table 1: Volatilomics approach for halal authentifikasi in critical poin pharmaceutical products

Approach to Establish the
Volatilomic Composition of
Different Whiskeys

No | Author Title Equipment | Results Ref
1 Perestrelo, | DLLUE/GC-MS as a DLLuE/ This method is able to | [43]
etal Powerful Analytical GC-MS identify compounds in

the functional groups of
alcohol (3-methylbutan-
1-ol, propan-1-ol), esters
(ethyl decanoate, ethyl

concentration in hair

octanoate, ethyl
hexanoate)
2 Fereira L, | The influence of ethanol GC/MS Able to detect alcohol | [44]
etal containing cosmetics on marker
ethyl glucuronide

3 Kumar and | Gas Chromatography-Mass
Rajakumar | Spectrometry Analysis of
Bioactive Component from
Ethanol  of  Avicennia
Marina Leaves

GC/MS Able to detect 3S-butane | [45]
1,2,3,4 tetranol in the
extract

4 Li, et al Identification of
characteristic volatiles and
metabolomic pathway

during pork storage using
HS-SPME-GC/MS coupled
with multivariate analysis

HS-SPME- | Capable of detecting | [46]
GC/ MS alcohol-derived
compounds in  pig
samples

5 | Sugaya, et | Headspace GC/MS Analysis
al of Residual Solvents in

Residual | GC/MS

Able to detect benzene | [47]
compounds
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Dietary Supplements,
Cosmetics, and Household
Products  Using  Ethyl
Lactate as a Dissolution
Medium

The volatilomics approach to pharmaceutical
product authentication will provide new insights.
Compounds from MS spectra data matched with
databased will provide information on which
compounds are present in the sample. Various
alcohol compounds and their derivatives, volatile
compounds in gelatin and collagen will be able to be
detected in this method, so that this method can be
used to authenticate the halalness of pharmaceutical
products [41]. The volatilomics approach for halal
authentication of pharmaceutical products requires
the right instrument so that the analysis target can be
achieved. GC-MS is an instrument that has good
specifications and sensitivity for volatile compounds
[42]. Therefore the use of this instrument is very
appropriate to answer the volatilomics approach to

Application Chemometrics in Volatilomics

ensure the halalness of pharmaceutical products.
Several publications regarding the volatiomics
approach for halal authentication of critical
ingredients in pharmaceutical products are presented
in table 1.

It can be seen that the critical points of ingredients
in pharmaceutical products can be analyzed using
the volatilomics approach. The volatilomics
approach will be able to analyze volatile compounds
in pharmaceutical product samples, including
cosmetic products. Volatile compounds that have
been identified from GC-MS are still a large number
of raw data. In order to get the samples we are
analyzing, whether they are halal or non-halal, we
need further analysis with chemometrics, including
PCA, PLS-DA, cluster analysis or OPLS-DA.

Pharmacentical
Products
v
) »
Drug Alcohol and its derivatives Volatilomics
Ingredients for drugs a ™ gelatin o with GOC.MS
Drugs from natural ingredients Collagen w d )
Cosmetics Instruments
v
Halal critical polnt Good selectivity and
sensitivity
v

PCA
(PrincipleComponent Analysis)

PLS DA
(Partial least squares
discriminant analysis)

Cluster Analysis

1. Classification of halal
pharmaceutical products

2. Marker of volatile compounds as
halal authentication

Massive MS data

Y
— Chemometrics
applications
Halal Nou-Halal There are no
< volatile compound

>  markers for halal

authentication

Figure 1: Application of chemometrics in the volatilomics approach for authentication of halal pharmaceutical

products
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Chemometrics is a combined chemical and
statistical data analysis method that can be used to
design, process, and visualize volatile data. Large
volumes of volatilomics data are easier to translate
when presented with this method. Chemoemtrics
used in the authentication of halal pharmaceutical
products include PCA, PLS-DA and cluster analysis
[48]. PCA is an unsupervised chemometrics method
in which with this method only the distribution of
halal and non-halal volatile compounds can be seen
[49]. The results of the PCA analysis were unable to
provide predictions of the halal compounds
determining whether the groups formed could be
calcified, so further chemometrics analysis was
needed, namely supervised chemometrics. The
supervised chemometrics analysis will answer
whether the MS spectral results from the
volatilomics approach for pharmaceutical products
can be classified as halal or non-halal, or which
volatile compounds can be used to determine halal.
PLS-DA is a chemometrics method that is able to
predict which volatile compounds will determine
halal based on the VIP score [49]. To ensure that our
PLS-DA method is correct, it is necessary to look at
the value of R2, the higher the value of R2, the better
the PLS-DA analysis. Cluster analysis is a
chemometrics method used to classify halal and
non-halal volatile compounds. The results of the
heatmap analysis will answer whether the
pharmaceutical product groups are halal and non-
halal based on their similar characteristics [50]. The
application of chemometrics in the volatilomics
approach for authentication of halal pharmaceutical
products is presented in figure 1.

The results of this study are expected to enrich the
dissemination of knowledge regarding the
application of chemometrics in the health sector,
especially pharmaceutical products, as well as for
other purposes such as disease detection [51] and so
on.

4. Conclusion And Future Perspective

Volatilomics is a strategy for analyzing volatile
organic compounds. Volatile compounds in a
sample are typical compounds that can be used for
halal authentication in various products, including
pharmaceutical products. Halal pharmaceutical
products containing alcohol and its derivatives
critical points, gelatin, and collagen will be able to
be detected using this method. Volatilomics using
GC-MS as an instrument is a selective and sensitive
method for authenticating halal pharmaceutical
products. The spectral results from MS will be
interpreted and visualized using chemometrics to
make it easier to understand. PCA, PLS-DA, and
cluster analysis are chemometrics methods that
reduce and present data more simply. The
volatilomics approach combined with chemometrics
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is a method that can be an alternative for
authenticating halal pharmaceutical products.
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