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INTRODUCTION

ABSTRACT
Gelatin used for capsule shells can be derived from
porcine origin. Some religion like Islam prohibited their
followers to consume any products containing porcine
derivatives including porcine gelatin in the products.
Consequently, some rapid and reliable techniques are
continuously developed for detection of porcine gelatin in
some pharmaceutical products like capsule shells. The aim of
this study was to evaluate the possibility to use amino acid
profile in combination with chemometrics of principal
component analysis for detection and classification between
gelatin in capsule derived from porcine and bovine. Based on
score plot of first principal components (PC1) and second
principal components (PC2), porcine and bovine gelatins in
capsule could be apparently distinguished.
Key words: bovine gelatin; porcine gelatin; amino acid profile;
principal component analysis.

Gelatin is widely used in food and
pharmaceutical products (Hidaka and Liu,
2003) as well as in photography (ink jet
printing), cosmetic and medical products
(blood plasma substitutes, gelatin sponges)
(Nhari et al., 2012). In the pharmaceutical and
medical ﬁelds, gelatin is mostly used for the
manufacture of hard and soft capsules.
Gelatin is a mixture of polypeptides
prepared by hydrolysis of collagen. It is
extracted from skins, bones, and hides of
mammalian animals (Karim and Bhat, 2008).
The production of gelatin involves the
hydrolysis of collagen either in acidic or basic
environment coming from connective tissue of
mammalian animals. Commercial gelatin was
obtained from bovine and porcine, in which an
approximately of 90 % of gelatin is coming
from porcine (GMIA, 2012). The Islamic
religion prohibited its followers to consume any
products containing porcine gelatin (Riaz
and Chaudry, 2004). Meanwhile, the use of
bovine carrying prion proteins was associated
with bovine spongiform encephalopathy;
consequently, an immune response will occur
when gelatins from certain sources are used
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incorrectly (Sakaguchi et al., 1996). Therefore, it
is necessary to differentiate porcine and bovine
gelatin in some products like in capsule shells.
Several methods have been developed
for differentiation of gelatins namely chemical
precipitation (Hikada and Liu, 2003), Fourier
transform infrared spectroscopy (Hashim et al.,
2010), High performance liquid chromatography combined with fluorescence detection
(Nemati et al., 2004) and mass-spectrometer
detection (Zhang et al., 2008; Zhang et al.,
2009), enzyme-linked immuno-sorbent assay
(Venien and Levieux, 2005); and DNA-based
technique using polymerase chain reaction
(Demirhan et al., 2012; Cai et al., 2012). Most of
those methods analyzed gelatin in pure
materials or in foodstuffs. Using literature
review, there is no available report regarding
the differentiation between porcine and bovine
gelatins in capsule shells.
In this study, we developed high
performance liquid chromatography using
fluorescence detection for profiling amino acid
contents present in bovine and porcine gelatins.
The amino acid profiles were subjected to
chemometrics of principal component analysis
(PCA). PCA is one of the unsupervised pattern
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recognition technique used for classification
and differentiation of objects (Miller and Miller,
2005).
METHODOLOGY
Materials and instrument

Standards of amino acid, orthophtalaldehyde (OPA), 3-mercaptoethanol (MCE) and
gelatins from porcine and bovine were
purchased from Sigma (St. Louis, USA).
HPLC-grade
methanol,
tetrahydrofuran,
sodium
hydroxide,
hydrochloric
acid,
Pb(II)acetate, oxalic acid were obtained from E.
Merck, and bidistilled sterile water was obtained
from Otsuka. The materials for preparation of
capsule shells were of pharmaceutical grade.
The capsule shells were bought from local
pharmacy in Yogyakarta, Indonesia. Instrument
used in this research were HPLC instrument
(Knauer, Germany) coupled with fluorescence
detector (LabAllianceTM 1200 Series).
Standard solutions and reagents

The stock solution of standard amino
acids (18 amino acids) was prepared by
dissolving 10 mg of each amino acids with bidistilled water until 10-mL in standard
volumetric flask. The derivatizing reagent of
EPA-MCE was prepared by dissolving 50 mg
ortho-phtalaldehyde (OPA) and 100 µL 2mercaptoethanol (MCE) in 50 mL volumetric
flask with 10 mL methanol and added with
borate buffer (pH 9.1) until volume.
Preparation of capsule shells

An approximately of 25 g of bovine or
porcine gelatins was weighed quantitatively and
subsequently wetted with 25 mL of hot water.
A-5 mL of glycerin and 4 drops of permitted
food colorant were added. The solution was
heated and stirred until all of the gelatins were
soluble and a clear solution was obtained. The
solution was then poured into a cake tray to
obtain a thin layer of gelatin solution. The
mixture is air-dried and cooled in refrigerator to
decrease its water content.
Analysis of amino acids

The levels of amino acids in laboratory
prepared capsule shells and capsule shells
obtained from local pharmacy were determined
using HPLC with fluorescence detection.
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The analytical steps include hydrolysis of
gelatin into amino acids and derivatization of
amino acids with OPA-MCE. The column used
is Eurospher 100-5 C-18 (250 x 4,6 mm i.d., 5
µm. Mobile phase comprised eluent A and
eluen B and delivered in gradient mode. Eluent
A is acetate buffer 0.01 M (pH: 5.9), while
eluent B is the mixture of methanol: Acetate
buffer 0.01 M (pH: 5.9): tetrahydrofuran (400:
75: 25 v/v/v). The gradient program is minute
0-3, 30% eluent B; minute 3-25, 30% -100 % B;
minute 25.02 0% mobile phases B. The flow
rate is 1.5 mL/min. The fluorescence detector
was set at excitation and emission wavelengths
at 340 and 450 nm, respectively.
Hydrolysis and derivatization

An approximately of 12.5 g of samples
(laboratory prepared capsule shells and capsule
shells obtained from local pharmacy) was
carefully weighed, and then subjected to
autoclave for 12 hours with 10 mL HCl 6 N.
After being autoclaved, sample was neutralized
with addition of NaOH or HCl 6 N. The
Samples were transferred into 50-mL
volumetric flask, added with 2.5 mL of Pb(II)
acetate 40 % and 1 mL of oxalic acid 15%. The
samples were diluted until 50,0 mL with
bidistilled sterile water and shaken smoothly.
Furthermore, the sample was filtered using
syringe-driven filter with pore size of 0.45 µm.
A-50 µL of filtered solution was added with
950 µL derivatizing reagents and 30 µL solution
was injected into HPLC system.
Statistical analysis

The level of amino acids in all samples
was expressed with mean and standard
deviation (SD). Furthermore, the principal
Component Analysis (PCA) for classification
and differentiation of samples was carried out
using the Minitab software version 16
(Pennsylvania, USA).
RESULTS AND DISCUSSION

The level of amino acids in all samples
(standard porcine and bovine gelatins from
Sigma, laboratory-prepared gelatins and
commercial gelatins) was quantified with HPLC
with pre-column derivatization. Amino acid can
be reacted with orthophtalaldehyde (OPA) in
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Figure 1. Chromatogram of amino acids in porcine and bovine
gelatins from Sigma after hydrolysis and pre-column derivatization.
A = porcine gelatin; B = Bovine gelatin
the presence of 2-mercaptoethanol (MCE) to
produce derivate of amino acid-OPA-MCE
having the fluorescence properties, with
excitation and emission wavelengths of 340 and
450 nm, respectively.
Figure 1 showed the chromatogram of
amino acids in porcine and bovine gelatins
from Sigma after hydrolysis and pre-column
derivatization. The level of amino acids in
bovine and porcine gelatins was shown in
Table I. Capsule shell made from bovine gelatin
contained more certain amino acids, namely
aspartic
acid,
hystidine,
phenylalanine,
isoleusine and lysine compared to capsule shell
prepare from porcine gelatin. While, glutamic
acid, asparagines, glycine, threonine and
tyrosine were present in higher level in capsule
shell made from porcine gelatin than that in
capsule shell made from bovine gelatin. The
similar profiles were also observed for the level
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of amino acids in gelatin standard from porcine
and bovine.
It seems that the peak height of these
amino acids can be used as simple
discrimination between porcine and bovine
gelatins. However, relying these amino acids for
such differentiation may not provide enough
confidence. Therefore, the use of chemometrcs
of principal component analysis could be
helpful due to its capability to deal with all
amino acid levels.
Principal component analysis

PCA is an unsupervised pattern
recognition technique widely used in
chemometrics study. PCA projects the
original data in reduced dimensions defined
by the principal components (PCs). This
technique is useful when there are correlations
present among studied data (Cserhati, 2010).
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Table I. Amino acid composition in porcine and bovine gelatins as well as in capsule shell
prepared from bovine gelatin and porcine gelatin (expressed in % w/w).

Amino acid
Aspartic acid
Glutamic acid
asparagine
serine+systein
histidine
glycin+threonin
arginine
alanine
tyrosine
Methionine+iptophan
valine
Phenylalanine
isoleusine
leusine
lisine

Capsule shell
prepare from
bovine gelatin
0.94 ± 0.00
1.62 ± 0.18
0.05 ± 0.00
0.65 ± 0.01
0.47 ± 0.04
4.22 ± 0.02
0.39 ± 0.00
3.13 ± 0.08
1.75 ± 0.03
0.79 ± 0.08
0.18 ± 0.00
0.28 ± 0.02
0.77 ± 0.00
0.02 ± 0.01
0.03 ± 0.01

PCA manipulates the data of variables (peak
height of amino acids) in the way that these
variables can be displayed on an x, y coordinate
system. PCA does this by calculating principal
components (PC1) which are linear
combination of original variables. PC1 (first
principal component) explains the most
variation among data, while PC2 or second
principal component describes the second
largest variation among data. PC1 was
orthogonal to PC2.
Figure 2 exhibits the PCA score plot of
porcine and bovine gelatins coming from Sigma
and laboratory prepared capsule shells. Bovine
and porcine gelatins (either in standard or in
capsule shell) were clearly separated. PC1
described 64.4 % variation of data, while PC2
and PC3 account for 15.7 % and 5.5 % variations, respectively. Therefore, more than 90 % of
variation can be described only by three PCs.
Figure 3 shows the loading plot for the
determination of variables (amino acid levels)
contributing to the differentiation and
separation of the samples. The PCA loading
plot describes the projection of variables in the
same plane as the score plot. The absolute
value of loading plot in amino acid levels
explains the importance of the contribution of
Volume 23 Issue 2 (2012)

Capsule shell
prepare from
porcine gelatin
0.89 ± 0.00
1.80 ± 0.03
0.05 ± 0.01
0.62 ± 0.01
0.27 ± 0.13
4.29 ± 0.01
0.40 ± 0.01
2.98 ± 0.01
1.89 ± 0.03
0.85 ± 0.01
0.18 ± 0.00
0.22 ± 0.00
0.73 ± 0.00
0.02 ± 0.00
0.02 ± 0.00

Bovine
Gelatin

Porcine
Gelatin

0.76 ± 0.00
1.61 ± 0.07
0.05 ± 0.00
0.75 ± 0.03
0.52 ± 0.02
4.01 ± 0.11
0.34 ± 0.01
3.92 ± 0.08
1.66 ± 0.09
0.92 ± 0.04
0.21 ± 0.02
0.34 ± 0.01
0.92 ± 0.06
0.02 ± 0.00
0.06 ± 0.00

0.77 ± 0.02
1.62 ± 0.04
0.04 ± 0.00
0.74 ± 0.02
0.40 ± 0.02
3.99 ± 0.21
0.36 ± 0.03
3.92 ± 0.10
1.82 ± 0.07
0.97 ± 0.08
0.22 ± 0.00
0.26 ± 0.00
0.90 ± 0.03
0.02 ± 0.00
0.02 ± 0.00

each amino acids. Therefore, the further away
an amino acid from the origin of variable point,
the larger the contribution of that variable
(amino acid) to the PCA model (Marina et al.,
2010; Rohman et al., 2012). From Figure 3, it is
known that leusine and serine+systeine were
the variables giving the most contribution
toward PC1, while tyrosine dan lysine were
more influencing on PC2.
Some capsule shells available in
numerous pharmacies were investigated by
determining the level of amino acid contents
and subsequently subjected to PCA. The results
showed that PCA could not distinguish porcine
and bovine gelatin in capsule shells as indicated
by the irregular profile of PCA score plot of
capsule shells samples. It could be explained
that the capsule shells assayed in this research
may be prepared from some organs such as
bone and skin which are different from organs
used in the preparation of laboratory made
capsule shells.
CONCLUSION

It can be concluded that amino acid
profiles in combination with principal
component analysis can classify capsule
shells made from bovine and certain gelatins.
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Figure 2. PCA score plot for classification of porcine and bovine gelatins
and laboratory prepared capsule shells from bovine and porcine gelatins.
1 and 2 = laboratory prepared capsule shells from porcine gelatin; 3
porcine gelatin; 4 and 5 = laboratory prepared capsule shells from bovine
gelatin; 3 bovine gelatin.

Figure 3. The loading plot of PCA model describing the contribution of
amino acids for PC1 and PC2
However, PCA was not successful for
classification of porcine and bovine gelatin in
capsule shells due to the diverse of organs of
animal used for gelatin preparation.
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