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Halal Certification: Halal Audit vs Laboratory Analysis



Halal Certification: Lab Analysis vs Halal Audit?
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as halal supporting documents
for the respective materials. It is
not equal to halal certificate (SK
Direktur LPPOM-MUI 2014)

Current Lab analysis status  in 
halal certification in 

Indonesia



HALAL ANIMALS
WHICH MEATS COME FROM

HALAL AND NON-HALAL SLAUGHTERING?
HOW ABOUT A PROPER STUNNING?

Food Complexity



Processed Food Complexicity

Food Production Process

*Processing aids : materials important to make the product but not 
present in the final product, e.g. enzyme, active carbon, water to wash, 
brush to clean, etc

Major 
ingredients

Minor 
ingredients

Processing aids*

Packing 
Material

Supermarket

Production Facility

Transportation



Activated carbon/bone char:
• Produced by burning of bone and 

converting it into carbon. 
• It is used as bleaching agent (in sugar 

refinery, glucose syrup refinery, 
drinking water treatment, oil refinery, 
and other bleaching processes)
• Example: Fijafluor®

• Other possible source: wood, earth

Bone Derived Activated Carbon

Examples of animal derived materials as processing aids



Examples of animal derived materials as processing aids

Activated Carbon

In halal certification by audit : Documents explaining the 
origin of activated carbon

Can we check the oil  in the Lab 
whether bone derived 
activated carbon  was used in 
oil refining process?



How about 
medicines?

Fluconazole tablet/capsules/cream
Send to lab to check the origin of activated 
carbon?

During the audit, 
this flow chart was 
requested



Examples of ”human” derived materials as food ingredients

?

BREAD HUMAN’S HAIR??

Cysteine : component of bread 
leavening agents



How to differentiate L-Cysteine 
from human’s hair or from 

microbial product?



Raspberry ice cream, vanilla ice cream, the beaver (Berang-berang).  Is there any connection?

Examples of unexpected animal derived materials in food



Synthetic Castoreum are being developed



Food complexity: From Castoreum extract to ice cream

Castoreum dosage  in 
Artificial Raspberry 
flavour maximum 
0.4%, 
might contains 22 
other compounds 
http://www.perflavo
ry.com/demos/df100
5932.html

Raspberry  essence 
dosage average  0.05 %Natural Castoreum Extract

Synthetic Castoreum 

Rincón et al (2006). Food Sci Tech Int 2006; 12(1):13–17

OR

In  audit for flavouring agent : the origin is 
confirmed by  halal supporting documents 
(Flow chart, COA) which  mentioning the 
origin of castoreum oil

http://www.perflavory.com/demos/df1005932.html


Food complexity

Apple Juice ???????????

Made from fesh apple,  100%halal, no 
sugar and additives added



Registering apple  juice for halal certification

Fresh Apples

Gelatin
Bentonite

In halal certification by audit : Valid Halal Certificate requiredHalal Positive List

Halal Positive List

Can we check the juice  in 
the Lab whether gelatin 
was used in apple juice 
clarification process?



• Violation of halal assurance system implementation
• Changing halal critical materials during certification period without communication with the 

certifier body
• Changing vendors/suppliers of halal critical materials during certification period without 

communication with the certifier body
• Sharing facility Contamination during production, storage, distribution, and serving due to improper 

cleaning 

• Fake data given during the audit 
• Violation of agreement between raw material vendors with the halal certified 

company
• Hidden ingredients :  vendors do no declare all ingredients to produce material purchased by the 

halal certified company
• Vendors do not give a proper raw material  halal documentations
• Vendors change the way of raw material manufacturing process without notification

Failures in Halal Audit



Halal Certification: Lab Analysis vs Halal Audit?

Food samples

Lab Analysis
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Omics Approach
In  Halal Food  Authentication



Omics Science

Metabolomics : comprehensive and
systematic study of low molecular weight
compounds (metabolites), as a whole in a
given sample (Fiehn, 2003; Ulrich-
Merzenich et al., 2007)

Haukaas et al .(2017)

Omics Cascade

Volatilomics

Volatilome : the totality of VOCs 
produced by all living organisms 
(plants, animals, and so forth) 
(Cumeras 2017)

Volatilomics : detection, characterization
and quantification of all volatile metabolites
in biological system (Lytou et al. 2019)

Omics - Advantages:
• Rapid Discovery of New Biomarkers 

Candidate
• High throughput
• Probably more compatible for complex 

matrix such as food matrix
• Volatilomics : very simple preparation



• Fourier Transformed Infra-Red  (FTIR)
• Mixture analysis
• Non-destructive
• Broad spectrum target
• Cheap, fast, simple sample preparation
• Only recognizes functional groups

• Nuclear Magnetic Resonance (NMR) 
• Mixture analysis 
• Molecular structure information (1D NMR + 2D 

NMR)
• Non-destructive
• Broad spectrum target
• Fast and simple sample preparation
• High investment cost
• Less sensitivity
• Overlapping signals
• Lack of database

Various Analytical Methods  for -omics based  
Halal authentication
• Chromatographic technique, usually couple to 

Mass Spectrometry (e.g. GC-MS, LC-MS)
• GC  : volatiles or compound which can be 

volatilized, non-polars

• HPLC/UPLC : polars

• Electronic Nose, SPME (couple to GC) : 
• Mixture analysis
• Volatiles

• Non-destructive

• Simple sample preparation

Suitable platforms for volatilomics



Data Analysis for -omics Based Halal Detection

Multivariate Data Analysis (most common PCA, PLS-DA/OPLS-DA)

Principal Component Analysis (PCA)

“Enabled reduction of data dimensionality, while simultaneously 
retaining maximum data variability to overview relationships 
among observations/samples and their correlation with the 
measured  variables (e.g. spectral data) *”

Showing the grouping/classification of samples

PCA is used as a first step to judge the quality of the model, 
before continue with supervised multivariate

Partial Least Square (PLS)/ Orthogonal Projections to 
Latent Structures (OPLS) - Discriminant Analysis

Provide insights into separations between experimental 
groups (2 or 3 groups)

Facilitating identification of unique variable which 
differentiate the groups

Variable Influence on Projection (VIP) value

Indicating the importance of marker 
variables for the separation/classification

Score plot 

To observe samples 
position/grouping

Loading Plot and S-Plot

Correlation between sample and 
the measured variables

Extracting Information from PCA/OPLS-DA

*Osorio et al., 2013



Volatilomics for Halal authentication : use of SPME 
couple to GC-MS

Different type of meat has specific odor
Different meat different cooking 
method à different odor



Volatilomics for Halal authentication

• 204 Beef
• 198 Pork
• 55 Beef-pork mixed (7:3)
• Minced meat
• Collected over 2 years period
• Samples taken on day 1, 3, 5 after slaughtering

HS-SPME adsorption (5 min)

GC-MS Injection

Data pre-treatment

PCA/PLS-DA

Volatile discrimination

Samples



Volatilomics for Halal authentication

Volatiles Positively Correlate with
Beef Pork

Aldehydes Acetaldehyde, heptanal, 
octanal and decanal

Pentanal, hexanal, nonanal, 
benzaldehyde, (E)-2-hexenal, 
(E)-2-heptenal,  (E)-2-octenal

Alcohols butanol, 1-penten-3-ol, 
pentanol, hexanol, 2-
octen-1-ol and octanol

-

Ketone 3-hydroxy-2-butanone, 2-
butanone, 2-heptanone 
and 2,5-octanedione

1-octen-3-one

Esters ethyl acetate methyl acetate 

Furans 2-ethylfuran, 2-pentylfuran -

Terpenes - δ-3-carene
PCA Score Plot

Authors’ Note : Validation required (e.g. quantification)



Analysis of Volatiles in Beef, wild boar, and Chicken Meatballs 
by SPME-GC/MS

Food Science 
Graduates School - IPB University

1 Graduate School of Food Science, IPB University, Bogor, Indonesia 
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Working flow

Meatball 
mashing

Pre-extraction

SPME extraction

GC-MS Analysis

Step 2 
volatile 
compound 
analysis 

Data Conversion to 
numerical formStep 3 Data Modeling

Meatballs 
preparation

Meat mashing

step 1 sample 
preparation

meat (beef, 
chicken,wild boar)

Method

Data Analysis PCA & OPLS DA
(SIMCA-P V. 16)

Goals: 
Discriminating meats from halal 
and non halal animals (raw and 
meatball) based on their volatiles 
profile using SPME-GC-MS Raw minced

meat



Heating assisted (40oC, 15’)

Grinded Sample + NaCl

Fiber coating

SPME

Volatiles

Principles of SPME Application

Schmidt and Podmore, J Mol Biomark Diagn 2015, 6:6



Different type of SPME fiber and applications 

Schmidt and Podmore, J Mol Biomark Diagn 2015, 6:6



Principles of SPME Application

Schmidt and Podmore, J Mol Biomark Diagn 2015, 6:6



GC-MS Principle

Oven

Capiler Column

1. In GC : separation based on polarity and boiling point
2. In  MS : Ion fragment selection based  on electric field and m/z of ions

1. 2. Tentative compounds
identification: comparison
with National Institute of
Standards and Technology
(NIST 14) database spectral
library, and comparison
between experimental and
theory (literature) Linear
Retention Index (LRI)



Score plot OPLS-DA daging babi hutan, sapi dan ayam (mentah dan bakso)

Daging MentahBakso

Results



Conclusion/Perspective

• Halal food analytical science is important to support halal status 
determination

• Challenges
• Able to trace target molecules in minute amount, present in a heavily 

complex mixture
• Able to trace target molecules which has been transformed into 

different molecules due to processing method
• Fast, cheap, simple sample preparation: Applicable for SMEs

• Volatilomics-based method using SMPE-GC-MS is an easy method 
useful for discriminating halal and non-halal meat (raw or cooked)



Thank you!

Contact : nancy_dewi@apps.ipb.ac .id
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