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Abstract 

The aim of this study was to develop the rapid method for classification of animal- 
based glycerin (AG) and plant-based glycerin (PG). Palm, soybean and coconut oil 
were used for PG production whereas the AG was prepared from lard and chicken 
fat. All glycerin types were produced according to the biodiesel production process 
using sodium hydroxide, ethanol and oil. After extraction, crude glycerin was 
analyzed by Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) 
spectroscopic technique. Our results from cluster analysis revealed that two spectral 
bands of 864-895 cm-1 and 1,020-1,099 cm-1 were successfully to be used for 
classification among PG, AG, synthetic and commercial glycerin. Moreover, the 
ratios of band area of 864-895 cm-1 and 1,062-1,100 cm-1 normalized by that of 
1,020-1,060 cm-1 in AG were significantly greater than those of PG. From the study, 
it can be concluded that plant- and animal-based glycerin can be well classified by 
using two IR spectral bands from ATR-FTIR analysis. The present technique could 
be a rapid screening tool for the Halal cosmetic laboratory to screen and monitor the 
Halalness of the glycerin. This finally increased the Muslim consumers’ spiritual 
confidence in Halal cosmetic products. 
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INTRODUCTION 

Globally, the number of Muslim population has been dramatically increasing. It is 
expected to rise from 1.6 billion in 2010 to 2.2 billion by 2030 (Brian & Mehtab, 
2011.). In general, when the population increases, the demand for food and non-food 
is parallel increase. In Islamic principles, Muslim must consume the products defined 
as “Halal” which means permissible and lawful. It is applied not only to food but also 
to the other products e.g. personal care products (Mian & Muhammad, 2003). 
Recently, the Halal cosmetics products have become popular among Muslim 
consumers. Their demand and market have been continuously growing. To assure 
the Muslim consumers for the Halalness of the cosmetic products, the ingredients or 
materials used in the production processes must be free from any doubtful (Subhah) 
or prohibited (Haram) substances. Glycerin, the most common ingredient used in 
many cosmetic products, has now become a serious issue regarding whether it was 
made from vegetable or animal fat. Previously, some analytical techniques have 
been developed for characterizing the glycerin recovered from different vegetable 
oils (Thompson & He, 2006; Hu, et al., 2012), however, the glycerin produced from 
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animal fat was not included in such studies. Since the animal-based glycerin (AG) 
was recognized as Subhah ingredient and no analytical methods were established 
for classifying it from plant-based glycerin (PG). Therefore, the present study aimed 
to develop the rapid infrared spectroscopic method for classification of animal-based 
glycerin (AG) and plant-based glycerin (PG). 

 
MATERIALS AND METHODS 

 
1. Materials and solvents 

Palm oil, soybean oil, coconut oil, pork fat and chicken skin were randomly 
purchased from supermarket in Thailand. Sodium hydroxide was obtained from 
Sigma-Aldrich (St. Louis, MO, USA). Synthetic glycerin, ethanol and other solvents 
were analytical grade from Merck (Darmstadt, Germany). Commercial glycerin was 
obtained from Thai Sanguanwat CO., LTD. 

 
2. Oil extraction by microwave rendering method (Sheu & Chen, 2002) 

Pork fat and chicken skin were cut into small pieces (2x2 cm2) and then heated 
by microwave oven at 900 Watts for 2 minutes. After that, the samples were left for 1 
minute at room temperature. Samples were reheated twice with the same condition. 
The rendered oil was finally filtered through a filter cloth and kept in the amber glass 
bottle at room temperature. 

 

3. Glycerin production 

Glycerin was produced from oils according to the biodiesel production process 
with modifications (Silva, et al., 2011). Briefly, sodium hydroxide was dissolved in 
95% ethanol with the ratio of 9.8:1 w/v. All types of oils were heated to 60 oC and 
were then added into the ethanol solution with the ratio of 1.7: 1 (v/v). The solution 
was mixed and continuously stirred for 90 minutes. The solution was kept overnight 
at room temperature until it was separated into 2 phases. The biodiesel in the upper 
phase was discarded and the lower phase of crude glycerin was collected. The 
excessive ethanol in glycerin was then removed by evaporating at 75๐C using 
CentriVap concentrator (Labconco, Kansas City, MO, USA). Glycerin was kept at 
room temperature until analysis. 

 
4. ATR- FTIR analysis 

A FTIR Tensor 27 equipped with Miracle ATR (ZnSe) crystal (Bruker Optics 
GmbH, Ettlingen, Germany) was used for characterization of all glycerin types. The 
infrared spectra were collected from 600 to 4000 cm−1 using a Deuterated triglycine 
sulphate (DTGS) detector. The interferogram scan of 40 with a spectral resolution of 
4 cm−1 was applied. The spectrum of each sample was collected in triplicate analysis 
and the blank spectrum was then subtracted from the spectrum of each glycerin 
sample. Data analysis was done by using Optics User Software (OPUS), Version 6.0 
(Bruker Optics GmbH, Ettlingen, Germany). Second derivative and vector 
normalization were applied to all spectra to resolve and enhance the intensity of the 
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weak bands. The band area was calculated from second derivative spectrum by 
using integration function of the software. 

 
5. Statistical analysis 

Classification of plant- and animal-based glycerin was conducted by using Cluster 
analysis in OPUS software (Bruker Optics GmbH, Ettlingen, Germany). The 
difference of the band area ratio among synthetic, commercial, plant- and animal- 
based glycerin was tested by one-way ANOVA with tukey post hoc test. p value < 
0.05 was considered as statistical significance. The statistical analyses were 
performed using SPSS software version 11.5 (SPSS Inc, Chicago, IL). 

 
RESULT AND DISCUSSIONS 

1. ATR-FTIR analysis of glycerin 

Fig.1 and 2 showed the absorption and second derivative spectra of various 
glycerin types, respectively. As compared to synthetic and commercial glycerin, 
crude glycerin from plant and animal fat demonstrated the additional IR absorption 
peaks around 1,600 cm-1 and 1,800 cm-1 which indicated the presence of impurities 
containing carboxylate ions (COO-) and carbonyl group (C=O) of an ester or 
carboxylic acids, respectively. These results were in agreement with the study of 
Nanda and colleagues that revealed the characteristic of IR spectra from crude 
glycerol compared to the purified glycerol (Nanda, et al., 2014). Therefore, FTIR can 
be also used for screening and detecting some impurities that is usually found in the 
glycerin (Fangxia, et al., 2012). 

 
 

Fig.1. ATR-FTIR absorption spectrum of animal-based glycerin (AG), plant- 
based glycerin (PG), synthetic and commercial glycerin. 
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Fig.2. ATR-FTIR second derivative spectrum of animal-based glycerin (AG), 
plant-based glycerin (PG), synthetic and commercial glycerin. 

 
2. Classification of plant- and animal-based glycerin 

Classification of plant- and animal-based glycerin was conducted by cluster 
analysis. Two IR spectral bands of 864-895 cm-1 and 1,020-1,099 cm-1 were used for 
the cluster analysis with Ward’s Algorithm model. Fig.3 and 4 showed the 
dendrograms obtained from hierarchical cluster analysis (HCA) performed on various 
glycerin types. When both IR regions were entered to the HCA, at heterogeneity 
level of 18, the synthetic and commercial glycerin were clearly separated from the 
group of plant- and aninal-based glycerin. Moreover, at heterogeneity level of 
approx. 8, two different groups including plant- and animal-based glycerin were 
found to be well separated (Fig.5). 

 
 

 
Fig.3. Dendrogram obtained from hierarchical cluster analysis performed on 
various glycerin types using ATR-FTIR second derivative spectrum range from 
864-895 cm-1 
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Fig.4. Dendrogram obtained from hierarchical cluster analysis performed on 
various glycerin types using ATR-FTIR second derivative spectrum range from 
1,020-1,099 cm-1 

 
 

Fig.5. Dendrogram obtained from hierarchical cluster analysis performed on 
various glycerin types using ATR-FTIR second derivative spectrum range from 
864-895 cm-1 and 1,020-1,099 cm-1 

 
In addition, the ratios of band area of 864-895 cm-1 (Peak center 879 cm-1) and 
1,062-1,100 cm-1 (Peak center 1,088 cm-1) normalized by that of 1,020-1,060 cm-1 

(Peak center 1,043 cm-1) were also calculated. These area ratios in AG were found 
to be significantly greater than those in PG, as shown in Fig.6 and 7. Therefore, the 
high level of these two ratios, approximately more than 2.0, might be used as the 
markers for indicating the glycerin produced from animal source. 
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Fig.6. The area ratio between 879 cm-1 (A879) and 1,043 cm-1(A1043) obtained 
from animal-based glycerin (AG), plant-based glycerin (PG), commercial and 
synthetic glycerin. Different superscript letter indicated significant difference 
in mean value (p < 0.05) 

 
 
 

Fig.7. The area ratio between 1,088 cm-1(A1088) and 1,043 cm-1(A1043) 
obtained from animal-based glycerin (AG), plant-based glycerin (PG), 
commercial and synthetic glycerin. Different superscript letter indicated 
significant difference in mean value (p < 0.05) 

 
CONCLUSION 

From the results, it can be concluded that AG and PG can be successfully classified 
by using ATR-FTIR technique. Our results from cluster analysis revealed that two 
specific FTIR bands of 864-895 cm-1 and 1,020-1,099 cm-1 from second derivative 
spectrum and of which area ratios were found to be the potential markers for 
classifying AG from PG, synthetic and commercial glycerin. Therefore, the present 
technique could be a rapid screening tool for the Halal cosmetics laboratory to 
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screen and monitor the Halalness of glycerin used as raw material. This finally 
increased the Muslim consumers’ spiritual confidence in Halal cosmetic products. 

 
ACKNOWLEDGEMENT 

This research was financially supported by Shariah-compliant ICT Logistics Kontrol 
(SILK) project, Bureau of the budget under the Government of Thailand. 

 
REFERENCES 

Brian, J.G., & Mehtab, S.K. (2011). The future of the global Muslim population: 
projections for 2010–2030. Washington DC: Pew Research Center. 

Fangxia, Y., Milford, A.H.,& Runcang, S. (2012). Value-added uses for crude 
glycerol–a byproduct of biodiesel production. Biotechnol Biofuels, 5, 1-10. 

Hu, S., Luo, X., Wan, C., & Li, Y. (2012). Characterization of crude glycerol from 
biodiesel plants. J Agric Food Chem, 13, 5915-5921. 

Mian, N.R., & Muhammad, M.C.(2003). Halal food production. Boca Raton, FL: CRC 
Press. 

Nanda, M.R.,Yuan, Z., Qin, W., Poirier M.A., & Chunbao, X. (2014). Purification of 
Crude Glycerol using Acidification: Effects of Acid Types and Product 
Characterization. Austin Chem Eng, 1, 1-7. 

Sheu, K.S., & Chen, T.C. (2002). Yield and quality characteristics of edible broiler 
skin fat as obtained from five rendering methods. J Food Eng, 55, 263-269. 

Silva, G.F., Camargo, F.L., & Ferreira, A.L.O. (2011). Application of response 
surface methodology for optimization of biodiesel production by 
transesterification of soybean oil with ethanol. Fuel Process. Technol, 92, 407-
413. 

Thompson, J.C., & He, B.B. (2006). Characterization of crude glycerol from biodiesel 
production from multiple feedstocks. Appl Eng Agric, 22, 261-265. 


