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OUTLINE PRESENTASI

• Pendahuluan Analisis Halal
• Spektroskopi Inframerah
• Kemometrika
• Aplikasi Spektroskopi IR-kemometrika untuk

analisis kehalalan produk
– Sediaan Farmasi
– Makanan









INTRODUCTION TO HALAL ANALYSIS

• Halal authentication analysis is intended to confirm 
that the products (food, cosmetics, pharmaceuticals) 
are free-non halal-components 

• The advanced technology in the industries has led to 
the use of non-halal components in the product.
– Pork
– Lard
– Porcine gelatines

• Montowska and Pospiech (2010) reported that some 
food and pharmaceutical products available in the 
market may be labelled with incorrect or missing 
information related to ingredients sources. 

Montowska, M., & Pospiech, E. (2010). Authenticity determination of meat and meat products on the 
protein and DNA basis. Food Reviews International, 27(1), 84–100.



ANALYSIS OF NON-HALAL COMPONENT

• To comply with halal requirement, 
more stringent auditing/monitoring 
system is needed by Halal  
Authorities  or Certification Bodies

• Reliable state-of-the-art scientific 
methods are required for analysis of 
non-halal components (e.g porcine 
origin, alcohol) in halal food

• Analytical techniques become major 
challenge for authentication of halal 
products 

Non-halal components 
commonly found in food, 
cosmetics and 
pharmaceutical products 
are pig derivatives (lard, 
pork, porcine gelatin) and 
alcohol



METHODS FOR HALAL AUTHENTICATION

• Lard 
– FTIR spectroscopy, especially combined with chemometrics (Lard, 

lipid based food)
– GC-MS (certain fatty acids in lard)
– Differential scanning calorimetry (Lard, lipid based food)
– Electronic nose or fast gas chromatography (analysis aroma 

profile)

• Pork
– Real-time PCR
– Enzyme immunosorbent assay

• Porcine Gelatin 
– RT-PCR (DNA-based methods for analysis of porcine DNA and non-

allowed meat DNA)
– LC-MS (peptide profile)



METHODS FOR HALAL AUTHENTICATION

• Screening/exploratory
– Differential scanning calorimetry (Lard, lipid based food)
– Electronic nose or fast gas chromatography (analysis aroma 

profile)
– FTIR spectroscopy

• Confirmatory
– RT-PCR (DNA-based methods for analysis of porcine DNA and 

non-allowed meat DNA)
– LC-MS-MS (peptide profile)
– GC-MS (certain fatty acids as markers in lard)



STANDARD METHODS

• Candidate of standard method
– Lard: GC-MS
– Pork: DNA based method
– Gelatin: LC-MS/MS and PCR based methods

• To be standard methods, analytical techniques 
used must be:
– Specific
– Accurate
– Precise
– Sensitive
– Robust



SPEKTROSKOPI INFRAMERAH

• Spektroskopi mempelajari interaksi
antara radiasi elektromagnetik (EMR) 
dengan bahan (sampel) 

• Jenis Spektroskopi
– Spektroskopi sinar X
– Spektroskopi UV-vis
– Spektroskopi inframerah
– Spektroskopi NMR
– Spktrometri massa



RADIASI ELEKTROMAGNETIK



Infrared Spectroscopy

• Infrared spectroscopy (IR spectroscopy or 
Vibrational Spectroscopy) is the spectroscopy that 
deals with the infrared region of the 
electromagnetic spectrum, that is light with a 
longer wavelength and lower frequency than 
visible light. 

• It covers a range of techniques, mostly based on 
absorption spectroscopy.



Infrared Radiation

• Frequencies - 12800 to 10 cm-1  

– (cm-1 = wavenumbers)
• Divided into three Regions 

– Near : 12800 to 4000 cm-1

– Middle: 4000 to 400 cm-1

– Far: 400 to 10 cm-1

50



IR spectroscopy is based on the interaction between EMR and
matters (samples) in IR regions

FTIR spectroscopy
Rapid and sensitive
Non destructive
Ease in sample presentation
used for qualitative
quantitative analyses

INFRARED SPECTROSCOPY

FINGER PRINT TECHNIQUE



Scanning Spektra IR

Absorbansi = Analisis kualitatif dan
kuantitatif

Transmitans = Analisis kualitatif



PEMINDAIAN SPEKTRA INFRAMERAH: ABSORBANSI



PEMINDAIAN SPEKTRA INFRAMERAH: TRANSMITANS



FTIR SPECTRA OF LARD AND OTHERS 

Rohman et al. (2011): JAOCS
Jumlah Puncak (peak) /Bahu (shoulder)
Intensitas (absorbansi atau transmitans) puncak/bahu
Frekuensi eksak tiap puncak/bahu





KEMOMETRIKA

• Kemometrika = Kimia + metrik
• Secara definisi: kemometrika adalah 

penggunaan ilmu statistika dan matematika 
untuk pengolahan data kimia

• Data kimia dapat berasal dari:
– Kromatogram
– Spektrum UV, IR, NMR dan sebagainya



CHEMOMETRICS
Chemometrics is the application of
mathematical or statistical methods to chemical
data.

The International Chemometrics Society (ICS):
Chemometrics is the science of relating
measurements made on a chemical system or
process to the state of the system via application
of mathematical or statistical methods.

Chemometrics research spans a wide area of different methods which can be
applied in chemistry.
Chemometrics tries to build a bridge between the methods and their
application in chemistry.



• Pengolahan data
– Derivatisasi

• Pengelompokkan 
– Exploratory data analysis
– Pengenalan pola tersupervisi (Discriminant analysis)
– Pengenalan pola tidak tersupervisi (Cluster Analysis)

• Analisis Kuantitatif
– Kalibrasi multivariat (Classical least square, SMLR, PCR 

dan PLS)

TEKNIK KEMOMETRIKA YANG UMUM 
DIGUNAKAN UNTUK ANALISIS HERBAL



• Derivatisasi ini kebanyakan digunakan untuk 
mentransformasikan data Spektra (UV, IR)

• Tujuan: untuk lebih memisahkan puncak-
puncak yang overlapping

• Beberapa software menyediakan fasilitas ini.

Pengolahan data: Derivatisasi



• A  pair  of overlapping 
Gaussian peaks  (a), 
and  the first- (b),  
second- (c),  and third-
order (d) derivative 
spectra.

• Derivative spectra can 
resolve the overlapping 
peaks.

• Sensitivity of derivative 
spectra was reduced

DERIVATIVE SPECTRA



PROCESSING DATA: DERIVATIZATION

Advantage:
Derivative spectra will 
enhance the resolution 
among peaks, especially for 
overlapping peak 
Quantitative analysis is more 
accurate.

Disadvantage: 
Resulting spectra are difficult 
to interpret
sensitivity is sometimes 
lowered



EXAMPLE OF DERIVATIVE SPECTRA



• Untuk teknik
pengelompokkan, ada 2 
kelompok yaitu:

• Exploratory data analysis
• Unsupervised pattern 

recognition
– Cluster analysis

• Supervised pattern recognition
– Discriminant analysis

PENGELOMPOKKAN (CLASSIFICATION 
TECHNIQUE)





• Principal Component analysis (PCA) sebenarnya 
adalah suatu teknik pengurangan jumlah data 
(data reduction)

• Output PCA adalah mencari komponen utama 
(principle component) dari serangkaian data

• PC juga disebut dengan variabel tersembunyi 
(latent variables) karena sampel-sampel yang 
sama/mirip akan mempunyai nilai PC1 dan PC2, 
....., PCn yang sama

• Apa yang dimaksud dengan PC?

PENGELOMPOKKAN DENGAN PCA



PCA UNTUK PENGELOMPOKAN



A technique for reducing the amount of data when 
there is correlation present. 

It is worth stressing that it is not a useful technique if 
the variables are uncorrelated.

The idea behind PCA is to find principal components Z1, 
Z2, . . . , Zn which are linear combinations of the 
original variables describing each specimen, X1, X2, . . . , 
Xn, i.e.

Principal component analysis (PCA)



• Creating a new set of variables in this way may seem 
a pointless exercise, since we obtain n new variables 
in place of the n original ones, and hence no 
reduction in the amount of data. 

• However, the principal components are also chosen 
so that the PC1 (Z1), accounts for most of the 
variation in the data set, the second (PC2), Z2, 
accounts for the next largest variation and so on.

• Hence, when significant correlation occurs, the 
number of useful PCs is much less than the number 
of original variables.

Principle components



LOADING PLOT: SUATU CATATAN

• Sudut antar vector menunjukkan bagaimana variabel-
variabel ini berkorelasi satu sama lain. 

• Jika dua vector dekat satu dengan yang lain yang 
membentuk sudut sempit maka hal tersebut menunjukkan
adanya korelasi yang positif antar dua variabel. 

• Jika antar variabel membentuk sudut mendekati 90o, maka
keduanya tidak berkorelasi

• Jika antar vector variabel berpencar dan membentuk sudut
yang dekat dengan 180o maka menunjukkan keduanya
berkorelasi negatif. 



• PCA bi-plot simply merge an usual PCA plot with a 
plot of loadings. The arrangement is like this:
– Bottom axis: PC1 score.
– Left axis: PC2 score.
– Top axis: loadings on PC1.
– Right axis: loadings on PC2.

• In other words, the left and bottom axes are of the 
PCA plot — use them to read PCA scores of the 
samples (dots). The top and right axes belong to the 
loading plot — use them to read how strongly each 
characteristic (vector) influence the principal 
components.

PCA BI-PLOT



Aplikasi PCA untuk pengelompokan
lemak babi

Di artikel ini digunakan
dua kemometrika:
PCA
Cluster Analysis



PCA pengelompokkan lemak Babi
Karena unit variabel sama, gunakan matriks covariance



Lanjutan data absorbansi



Hasil PCA dengan Minitab



• Cluster analysis  (CA) meupakan teknik
pengelompokkan sampel

• Sebagaimana dengan PCA, cluster analysis 
termasuk unsupervised pattern recognition

• CA membagi kelompok obyek, sehingga
obyek yang sama akan masuk pada
kelas/kelompok yang sama

• Parameter yang digunakan adalah Jarak
Euclidean

Cluster Analysis



Euclidian Distance

• Jarak Euclidean dirumuskan dengan:

• Dua buah sampel yang mempunyai jarak
Euclidean yang dekat menunjukkan kemiripan

• Semakin kecil jaraknya semakin mirip
masuk dalam kelompok yang sama





Dendrogram illustrating the stages of 
clustering



DISCRIMINANT ANALYSIS

• PCA dan Cluster analysis  Unsupervised 
pattern recognition

• Discriminant Analysis  Supervised pattern 
recognition
– Tujuan metode supervised pattern recognition 

adalah untuk menggunakan objek-objek ini untuk
menemukan suatu aturan meletakkan suatu objek 
baru yang kelompoknya tidak diketahui ke dalam
kelompok yang benar (diketahui dengan pasti).



DISCRIMINANT ANALYSIS

• The starting point of linear discriminant analysis 
(LDA) is to find a linear discriminant function 
(LDF), Y, which is a linear combination of the 
original measured variables: 

Y = a1X1 + a2X2 + …… + anXn
– The original n measurements for each object are combined into a 

single value of Y (similar to linear regression). 
– The coefficients are chosen in such a way that Y reflects the 

difference between groups as much as possible: objects in the 
same group will have similar values of Y and objects in different 
groups will have very different values of Y. 

– Thus the LDF provides a means of discriminating between the 
two groups 



Aplikasi Spektroskopi IR-kemometrika
untuk analisis kehalalan produk

• Kombinasi kemometrika dengan
menggunakan variable nilai absorbansi pada
bilangan gelombang tertentu

• Optimasi bilangan gelombang, jenis spektra
dan kemometrika yang digunakan

• Aplikasi Spektroskopi IR-kemometrika untuk
analisis kehalalan produk
– Sediaan Farmasi
– Makanan



OPTIMASI FTIR 
SPEKTRA-
KEMOMETRIK
A UNTUK 
ANALISIS 
KUANTITATIF



ANALYSIS OF LARD USING FTIR SPECTROSCOPY



ANALYSIS OF LARD IN COSMETICS



FTIR SPECTRA OF LARD AND OTHERS 

Rohman et al. (2011): JAOCS
Jumlah Puncak (peak) /Bahu (shoulder)
Intensitas (absorbansi atau transmitans) puncak/bahu
Frekuensi eksak tiap puncak/bahu



CLASSIFICATION OF LARD AND OTHERS

1 Lard, 2 beef fat, 3 chicken fat, 4 mutton fat, 5 cod liver oil, 6 canola oil, 7 corn oil, 8 extra virgin 
olive oil, 9 grape seed oil, 10 palm oil, 11 pumpkin seed oil, 12 rice bran oil, 13 sesame oil, 14 
soybean oil, 15 walnut oil, 16 sunflower oil, 17 virgin coconut oil



AUTHENTICATION OF HALAL MEAT USING FTIR SPECTROSCOPY



AUTHENTICATION OF HALAL MEAT USING FTIR SPECTROSCOPY



ANALYSIS OF NON-HALAL MEAT



• Porcine gelatin is frequently used in capsule shell (pharmaceutical 
products) or candies (food products).

• FTIR spectra could be applied as screening method
• Need further confirmation using real-time PVR or LC-MS/MS

The use of FTIR spectra for porcine gelatin



Differentiation of gelatin sources

• Suitable for analysis 
of gelatin sources
– Porcine
– Bovine
– Porcine

• Need classification 
chemometrics
– PCA
– Cluster analysis



• Advantages
– Simple and some cases without any sample preparation
– Specific because FTIR spectra are fingerprint in nature

• Disadvantages
– The developed method can only be used for formulations of 

samples consistent with those tested
– If the composition of the sample to be analyzed is different, 

FTIR spectra of the analyte in the mixture will also be 
different. 

– the presence of non-halal components in the different food 
samples is quantified using different spectral regions.

Advantages and Disadvantages of FTIR
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