CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Introduction *

the number of

copies of known fragments of DNA. In the non limiting the reaction the
increase in the number of copies of the fragment is expone he'improvement of
the efficiency in PCR analysis, reaction conditions is nee o bp opwifzed to avoid
nonspecific amplification products. Nonspecific produc n be fletecheq &%Y;ars or
faint bands in addition to the bands that are of integ on-sPegif] alkd’g%an have a

\a as%&' peaks. PCR

incléding the annealing

optimization was performed by modifying_'C\%wcon :
1

temperature, concentration of magnesiung.chlor¥d IC? CR Teaction volume and
the source of DNA polymerase. F la W Pe

f(él.@sed on the annealing

e " &
temperature. \ A‘O
w s
prll ers

gbl@;;y determine the annealing

The sequence and length %
. : ‘ P&,
temperature of the thermal gyclim€re ¢ sé‘ilﬁc assay. Although primers are
1el@atures, these can be calculated in

usually supplied with 1&%&1
I )ﬂmﬁgf values. The calculations have set the

different ways which a1V

annealing tcmpcm%‘ bofing) ppim *ss’i’s 60 °C and porcine primer is 61 °C
. z D

(Appendix 2). :1 oy the P otmdr@ons used by Rahmawati (2012) for the same

>
primers wcr‘\ . The results sh@'ed that the annealing temperature for bovine
-~ A o =Y - e . o . .
primer a Ine primer was 60 °C. However, the results obtained by using that
condjtio %re not satisfactory, therefore the PCR was validated further (detailed
below ) Wfc designed primers were verified by NCBI blast analysis to ensure porcine

and bovine specificity (Appendix 1).
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4.2 Results and Discussion
4.2.1 Validation of Conventional PCR

The PCR targeted a sequence corresponding to a region of the CYT b. The obtained
PCR products of 120 bp for bovine primer and 131 bp for porcine primer in length
were separated on a 1.5% agarose gel stained with gel green staining. PC RWcts
were detectable at a dilution of 107 ng/ul (Figure 4.1; 4.2). %\

Y.

The specificity of the porcine and bovine specific primer PCNy was assessed

1. Specificity

with 1 ng/ul of DNA standard from the fresh muscle ti f 2 meat-producing

terrestrial (cow and pig) animal species. Species spcog@@primeks’ usgg under the
selected conditions amplified cow and pig genes with§gxpected pan i BQLQW than
300 bp which is 120 bp for bovine and 131 bp for p e, respedtively (Appendix 2).

But. different result was obtained where primers an ™ frc@lpig.

The gel electrophoresis results for the P, 1&}{1{1 r&fuctg&gevealed expected
bands of 131 bp and 120 bp for porcine%ujc i Mﬂ regpeCtively (Figure 4.1
and Figure 4.2). The specificity of thgé dﬂ S Lk%‘h% DNA obtained from
DNA standard of bovine and paggihg, origh

(K it eqsy@city of PCR assay 1is

demonstrated by its negative resul{ggmwnor
N

According to the mcmimﬁig!r %bserved cross reaction of our
interested primers with ¢ 11
a

the assay (Figure 4.

pOS. i

el

&
isn

i co&%hat confirms the high specificity of
et ‘(QOQéJ with bovine primer showed that the

sequence was able %ct bgvin @éciﬁcally. However, among the lanes (11,
& v wlt
pees

12) of porcine I , two sempte Q‘-negative control was detected target DNA
. S >
(Figure 4.2) \‘"

A hightygSgific PCR would generate one and only one product of the correct size.

How is not unusual to observe a series of bands, especially when a new target
sequence and/or primers are utilized for the first time (Weissensteiner et al., 2004).
Appearance of unspecific amplification products can be attributed to a number of

factors. First, primers may be annealing to unspecific sites in template DNA.
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In this case. one may be able to increase the specificity of PCR by changing reaction
mixture that would make it more difficult for primers to anneal to unspecific sites in
the sample. These include addition of glycerol, or form amide, reduced pH, or
lowering concentrations of primers, dNTPs and MgCl,. One may also try altering the
annealing temperature and/or the duration of the annealing and extension gteps. In

oeneral, higher temperature, and shorter annealing and extension periods cONg gher

Y
o

specificity. Alternatively, the unspecific bands may have result pm over

amplification (} Jeissensteiner et al., 2004).

4

Furthermore, we changed the annealing temperature for porcineWer at 62 °C and

dYﬁ)N A template on

contagInang or primer-

dimers. It has been shown that species specific PCR ggchnifue flesciy dhew-is not
\
suitable enough for authentication halal gelatin. Th%lts of tifis 4 d)’ séﬁa'ed that,
b 4

es m»xl: confirms

specific porcine primer was not able to distinguiwtarm{
less specificity of conventional PCR techniqu ; a@rant@ﬁiﬁcation.

63 °C (previously 61 °C). The reaction mixture was still

negative control. If bands still seen after PCR, they are
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2. Sensitivity

The sensitivity of real-time PCR using CYT b was expressed by limit of detection
(LoD). For determination of LoD, dilution series (10" to 107 ng/ul) are used. Porcine
DNA coud still be amplified up to 10” ng/ul, while at 10 ng/pl, bovine DNA was not
amplified. These results was shown in Figure 4.1 and Figure 4.2, where it be
seen that samples of bovine DNA containing 107 ng/ul (Lanes 9-10) wer glMound to
be negative (Figure 4.1), while at the 107 ng/ul of porcine DNA wer found to be
positive (Figure 4.2). Thus, for any sample of gelatin designate halal, if any
cross-contamination of raw materials such as incorporation ofgy¢ pig skins had

occurred during manufacture, the test would be sufficier Yﬁtive to detect the

small concentration of adulteration.
N \%

The detection limit obtained by the conventional P assayf was s'rnih}to that

obtained by other studies (Sahilah et al., 2015; Hui c¥wet al #2913 Demghhan et al.,

N
\very X% amounts of

2012). Although in vitro sensitivity found is gnoulh to

DNA. the result obtained in detecting the ger

and porcine) did not show adequate sensitivitywto gth Q
tool for determination the halal status @ ggtin % Sevéﬁl factors are involved
a -
5 :

in the decrease of sensitivity of.

quantification of DNA target tl
sample with the marker quali%
species primer of porcine th

On the other hand, cogler™

halal gelatin.

(—)
Q2
N

jon of Real-Time P

sample anko and negative control where real-time PCR assay could not detect the
target (no amplification plot). Since real-time quantification is based on the relationship
between initial template amount and obtained Ct (cycle threshold) value during

amplification, a validated qPCR assay is essential for accurate quantification of samples.



A powerful way to determine the validation of'a qPCR assay is to run serial dilutions of a
template and use the results to generate a standard curve. The amplification curve 1S
built up by plotting the log of the starting quantity of template against the Ct value

obtained during amplification of each dilution (Demirhan et al., 2012). The

amplification plot shows the fluorescent signals (dRn) against the cycle n or, In

cycle, spacing of fluorescence curves 1s determine by equatiq

7
—
O
O
(=)

S

number of cycles between curves at the fluorescence threshold

|. Precision (Repeatability)

(1SO. 2003).

e Repeatability expresses the precs®
short interval of time. Repeata
e Intermediate precision ex

days. different unul_\"sls.{fcr

e Reproducibility exprdsSugthe

) hct{@m laboratories (collaborative studies

rdifattor t"mllal?g(({ology) (IS0, 2003).

usually applied to

N3
The ICH 1‘cquirc%‘mhi‘y > t@ from at least six replications measured at
(

100 percent test target concc{%ﬁion or from at least nine replications covering

the Cnmplc%\ I‘iﬁcd range.
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TABLE 4.1: Mean Ct Values Obtained with the Real-Time PCR

Concentration (ng/ul)  Porcine Primer Bovine Primer

Mean = SD % RSD Mean + SD % RSD
107 18.14+0.79 3.99 19.84 + 1.58 8.69
107 21.92+1.07  4.60 23.22+2.13 9.70

10 2477+131 490 26.79 + 1.14 4‘Kq
107 98112071 712 29.02 + 0.37 F".gl,

710'-‘ 31.94 + 0.66 1.90 34.46 + 0.73 2.36
SD: standard deviation; RSD: relative standard deviation

aniem. It is expressed
10 b@gld dividing
yreaktinge PCR

Ny

this product by the average. To confirm accuracy andgeepeatabilfty
the inter-assay precision was determined in six rep%hi ofe pl{eé(lsfosystem
run. Inter-assay variation was investigated in the?l! experinggial Q_QX' performed
ﬂ‘nen (< %) (Table 4.1).
on @%t variation from
gmﬁc%i%c l)@’l the Ct value of the
un ,‘Wh@he independent results
ite{g‘{n the same laboratory, by

t@hoﬁ intervals of time (ISO

d n‘t\ ee‘e‘cﬁory because the most important

The relative standard deviation (RSD) is often times more

in percent and is obtained by multiplying the standard

are obtained with the same methodN e

the same operator, using thg ani equipnen “fi
sh

24276, 2006). Moreover, it s

differences between the &’MIS ak sequ -Qes of the primers and probes. The
choice for a certain 6\21 15p1gfio m[:tlko'g.}ls based on the matrix, not on the

standardage X from a serial dilution of template. Assay efficiency can be measured as
a factoMw®the standard curve gradient. A wide range of sample concentrations Is run,
ensuring that these reach a limiting dilution, thus allowing determination of the

technical assay dynamic range from the same experiment (Hofmann et al., 1999).

=Y/



Any suitable template material is appropriate for these technical determinations of
assay performance. Selection of a standard, transferable reference material allows for
inter- and intra-laboratory validation. Therefore, this stage of validation can be carried
out on linearized or nicked plasmid (super coiled DNA does not amplify efficiently
and results in low reproducibility), cloned fragment or synthetic oligo. H eor, it
must be recognized that validation on these targets is a measure of the %ﬁtion

and does not accommodate variability introduced by the complexit iological

sample (L1 et al., 2007).

The determination of the technical dynamic range and efficienc an assay from a
standard curve was illustrated in Figure 4.3. In this st Y:tcimplate has been
diluted through a 5-fold series and demonstrated as 2 %&ay (Wix 3), assay
efficiency is determined by measurement of the grad#gt of'a sthnd cu?v:ghat 1s a
el 2

plot of the log of the target concentration against E
be calculated according to the equation: Efﬁciencm("”{ . Y.\’

44
FIGURE 4.3: Standard Curves of 5-fold tiops of

d Bovine gDNA
40 % >y
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A stand? urve was generated using a 5-fold dilution of a template amplified on the StepOnePlus

real-time system. Standard curve with the Ct plotted against the log of the starting quantity of template
for each dilution. The equation for the regression line and the r value are shown above the graph.
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The equation of linear regression line was used to evaluate gPCR assay validation.
The coefficient of determination (R*) of standard curve represents that whether the
experimental data is fit the regression line. Linearity, gives a measure of variability
across replicates and whether the amplification efficiency is the same for different
starting template. Slopes between -3.1 and -3.6 result in efficiencies betweenygaleg,and
110% and are typically accepted, but it is important to strive for as clos m as
the assay will permit (Higuchi, 1992). In this study, porcine primer %sents R’

value: 0.962; efficiency: 97.4%: slope: -3.389 (Figure: 4.3), bovmﬁu 1&r shows R’

EUO for which six
replicates give a positive result. The threshold sensitivi ' seting

this 1Wn targeting
the presence of porcine and bovine DNA and also q ification Js gi by{@'lower
este "}tpllcatcs)

value: 0.995; efficiency: 90.6%, slope: -3.569 (Figure: 4.3).

The LOD corresponds to the smallest target DNA co

DNA concentration detected in the linear zone (at t 95% of 6
.'

and corresponds to the LOD of porcine and bO\’l ng/y@ﬂgure 4.4).
As it shown in Figures 4.3 and Figure 4.4, t]c st Cg“lC’ auoﬂ%s the lowest Ct

value which means that amplification slans )mpale I ofS l(@r concentration:

i

The standard curves generated by 1 and porcine primer

0

th ﬁms and fluorescent dye
used. Furthermore, both standm?vcs,\'er aCk@C indicating that the DNA
analysis procedure for sam%\ ith sn l‘e &?ncentlatlon was satisfactory.
t1c1é¥ calculation have been proposed.

These methods reportae hu £ reactions within the tube. These

demonstrated excellent coefficient

Alternative approaches to ald u\

approaches rely on «%1 \mfl 0 oa'el t?? amplification plot curves and so are
dependent on th* 11 er o‘t ye s @hlch there is an increase in fluorescence.

While this type § a 710ddl pottlltlxtkgaﬁus an ideal alternative to standard curves,

the latter 1s, mhc more cmnnmn}cthod used for assay evaluation. This is because
standar ¢ not only provide an estimation of efficiency, but also provide
addidgnal Yrformation about working dynamic range, sensitivity and reproducibility

and are conceptually easier to apply (Ruijter et al., 2013).
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3. Specificity

Specificity can be determined by the use of a melt curve analysis. Performing a melt
curve requires incorporation of a reporter dye such as SYBR green or the use of a non-

hydrolyzing probe such as a molecular beacon or scorpions probe. The amplicon was

produced during qPCR, it 1s subjected to incubation at increasing -atures,
between 55 °C to 95 °C. However, the user should verify that the ptical melt
point of their amplicon falls within this range since this will be depe%nt upon the
size and GC content. The experimental Tm will vary slightly betwgen different runs

and reagents, primarily due to variations in MgCl, and other iﬁ'go centrations.

ale of change of
dlawbinds to
rdduke’d only the
b

dism&;tion, curve
te sé‘a} the products.
k aé‘high temperature in
reactions containing only target withngthing, i@, detected in the no-
template controls (Figure 4.5; 4.6)_1 mfﬂtcu}"ha@re than one major peak,

The change in fluorescence is determined and S

fluorescence vs. temperature. Since SYBR Green isga noNspegific
any double-stranded DNA, it is important to verifa t'the qiC

desired product when using this detection ché : e{t,

analysis can be used to determine the num ng' ap

An assay with high specificity will result&s' ole me

[/]
as in Figures 4.5, the identities\ he S caﬁ%e further investigated by

. N
1-Mlined y Ig@' the melt peak has the same
¢ f

n% I@'get). As shown in Figures 4.5,

porcine primer rcacti@tain ex ssw@nounts of primer-dimer or other

nonspecific pmduct‘w\’cr'ng n
amount of nonspcgmyc pFoduds. ’ @)
NS
ﬁ%e $ M
The melt curviy YTba 1})1100@;611@1‘21‘(@ with bovine and porcine primers was
shown in Mgure 4.5; 4.6. The mt\‘?mg temperature of the amplified products were;

80.3 OC%WH]C DNA and 81.6 °C for porcine DNA. In Figure 4.5, a specific

proguet Yevident from the test reactions and a smaller product, melting at lower

resolving them on a gel g

'ixggconcentrations will often reduce the

temperature, was present in the NTC. This is indicative of the formation of primer-
dimers in the absence of template. This is commonplace and is only a concern when

these primerdimer products are evident in the test samples as shown in Figure 4.5.
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The illustrated in Figure 4.5 and Figure 4.6 showed detection of the gDNA was
distinguished by their melt profile with the gDNA product melting at a lower

temperature compare to non-specific product that have a higher temperature (= 90 °C).

The specificity of primers and fluorescent dye have been demonstrated here with the
real-time PCR assays carried out on genomic DNA samples belonging to th rofa
and B. Taurus. The melt curve analysis obtained the melting tempera t could
different either specific or non-specific products. Specificity is ci tl?lmpoﬁant
when designing assays for genotyping. These are often primer s and require
discrimination of a single base difference such as when differer Tetween Single

Nucleotide Polymorphisms (SNPs). In this case, it is crit'caY!st each primer in a

e'spemﬁc matched
al. 2W, -

| . ‘ | &
Melting curve analysis can only be perfom] /ith Ipa tir P@' detection

single reaction against a template that is known to co

sequence and against the mismatched sequence (Raraswa

technologies where the fluorophore 1emams asso ' wit e amplicon.

Amplifications that have used SYBR gree Jectfgky melting curve

analysis. Dual-labeled probe stLLthﬂ S 1 Ta@an probes are not

compatible because they produce a 1 1b 151131 by cleaving and

releasing the fluorophore into sa du mg &'Howevel the increased

specificity of this method mal\ es nc he level of fluorescence of
Ipox

both SYBR dyes swmhcan% ases In to double stranded DNA. By
g s
monitoring the dsDNA asgt meMs, JLAdse 11 orescence will be seen as soon as

the DNA becomes sing .&*‘ndc 'an
] )

e d@lssociates from the DNA (Zhang et

009). . '.' (.g’
The main advaQtgod 01 5 :’lc assays over other real-time PCR detection
formats urc:AY R green is al\@# cost fluorochrome; 2) SYBR green assays are

\spccially in regard to primer design and optimization procedures; and

-ommonly observed in specific probes, particularly at amplification cycles
¢ 30 cycle, are minimal and can be ruled out by melting curve analysis
(Aldea et al, 2004). The assay described here is therefore ideal for establishing

porcine adulteration in Muslim countries such as Malaysia.
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The benefits of the real-time PCR assays in adulteration issue have also been reported
carlier. However, the evaluation of real-time PCR in diagnosis of gelatin capsule is
limited. In the present study, a real-time PCR assay using SYBR green methodology
has been evaluated for the specific identification of porcine and bovine DNA from

gelatin capsule samples for halal authentication. Real-time PCR assa

sensitivity and specificity. These results when compared to those of convgt [ PCR
assay showed high concordance, which shows that molecular tests ar‘kll suited for

halal authentication of adulteration issue. Real-time PCR assay alsTfided correct

diagnosis for primer-dimer and mispriming cases of melt curvew 1s, which were

r h?mer case.
g, (hat hWescent dyes

L ]
used in the system are much more sensitive and can d as litle as ?-fq@&hange

missed by conventional PCR; although sensitivity was simi

The reasons for better sensitivity of real time PCR assa

in DNA load, while agarose gel based system of conWntiongl PCJ¥ stai with gel
) e : X’ N

green dye can detect only 10-fold differences iy D lo arashar ¢ T, 20006). It is

thus very much possible that samples havin% qu

gelggi! DNA may get

&Q}l PCR assay.
A

ased technique having

detected by real-time PCR assay but could be Hwssed b

me and labor. However, a
major limitation of the real-tigme al investment for equipment,
as well as the investment requigld f - ippe 15‘1(50% and expertise, which may be
beyond the means of ma@sra olies. esid@here could be technical limitations
when using non—spcci%\;s, ugh s :V&I%‘E'eell. The sensitivity of detection may
be compromised a% grgen YyQ is @n—speciﬁc dye and can incorporate into
any double stre Youctd: gher JNis primer dimmers or secondary structures.

Lgistcr a ﬂuorcs«@"signal (Valasek and Repa, 2005) and may lead

This factor c¢

to false postwg¥. To overcome the limitations, other real-time PCR with SYBR green

method additional level of specificity due to the melt curve analysis. These

assays is study have proven to detect specific and unspecific product.
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The qPCR assays (section 4.2) were further evaluated for species determination and
quantization from gelatin capsules. Significantly less DNA was detected in gelatin
capsules, possibly due to the further degradation of DNA during gelatin capsule
manufacture (Table 4.3).For confirmation result, we conducted FTIR technique and

chemometrics using software Unscrambler X.

The three most commonly used DNA extraction methods fowd include: 1) a

surfactant based method known as CTAB: 2) silica §Sei method: and 3) a

4.2.3 DNA Isolation

commercially available food extraction kits. The use o, mmergially gvailable kit
involves silica-spin column method. Agilent, Qiagenggnd Kogehe agp the @action
kits that using silica-spin column method to reN&QA ugl. l’)n-gonunately,
Qiagen and Kogene were not successfully prow C {s rey‘yY.for gelatin

samples. One of the limitations of this extratwetho'q 1s the nuﬂ&ous buffer and

reagents were used by the method (Table \ &

/

5 lxo%’lloa}jﬁts were digested with
: q
protolytic enzyme such as protem&

SiI#‘yOf&NA is not free but it is

assembled in to chromatin in assTon ith c§ill histones (Watson, 1977).
: e : : !

The key step in purification %l CIC

a?' 1S e ki, val of most protein. For DNA
purification, Qiagen and cne kli

In this study samples of gelatin all 1

\e chidydform for extraction followed by

buffer (Qiagen) and isopgopaol ( pr o

G) ‘Y2 .9
The initial com@ showed ) ti¥at ﬁ%ﬁough chloroform extraction from the
gy '3 2 . :
commercial Kog d Qla@ Wer icient at isolating DNA from meat sample,
N

the kits \\'cr‘\ ficient with gela&i samples (Kesmen et al., 2012). Unlike Agilent
Kits. non-adCNg®n of chloroform in remove contaminant step was sufficient to

¥ DNA from gelatin. The organic chloroform method relies on organic

overgon
and waNesoluble phase separation and DNA is extracted within the aqueous phase

during the phase separation step (Collen et al., 2011).



The mode of DNA isolation used by the Agilent, Kogene and Qiagen kit is most likely
based on the charge differences between DNA molecules and the silica used for the
DNA binding step where positively charged silica spin column use the negative

charge of DNA molecules for the binding (Holme and Hazel., 1998). However, the

presence of DNA in gelatin capsule is lower which creates a problem with b o of
DNA using these DNA extraction techniques with chloroform. The use @ gMproform

might have removed not only protein or contaminants but also thc% tself, thus

resulting non-detected DNA in sample.

Stage Agilent

Lysig fer /
Ly%&% ffer B
’wwinusc K

<§ hloroform

Lysis Proteinase K
Proteinase K Digestion Buffer

Remove -
contaminant

Binding Nucleic Acid Binding Bui%
Wash High Salt Wash BLU\E

Ethanol 80%

Binding Buffer
[so-propanol

Ethanol 75%

Eluted Buffer EB Buffer TE

The quantity and PU“\& xtragfrom 0.6 ¢ minced hard/soft-gelatin

capsule shells (t‘mm%
at 260 nm and 2\‘%%\5 y
S i

4.3, the DNA concentration ranged from
1.9 to 6.14 m e ratio ﬁli%wdcnsity readings at 260 nm to that at 280 nm
which repraggnte® the purity of sa'ﬁthcs, ranged from 0.9 to 2 ng/ul. Despite the fact
that Ag}%ﬂhud has been shown to successfully extract DNA from gelatin capsule

JCeessful at purifying DNA from protein in this study (lower than 1.8-2.0).

The re ™0 behind the failure to extract DNA of sufficient purity, possibly the process
of gelatin that already degraded the DNA structure caused the experiments to fail at

extraction of high purity DNA (Table 4.3).
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TABLE 4.3: DNA Concentration of Agilent Detection Porcine Kit

Sample  Concentration (ng/pl) Purity (A260/A280)
E Mean + SD Mean + SD
S1 4.85+0.21 1.60 + 0.05
S2 3.23+0.34 1.43+0.10
s3 2.95 % 0.05 1.48 + 0.05 Y'
S4 3.90+0.02 1.29 +£ 0.05 %\
o) 5.08 +0.06 2.21+0.19 A
S6 6.14 % 0.82 1.46 + 0.06 Y"
S7 4.61+1.07 2.19+0.11 \)

S8 441+0091
S9 2:5040.17
S10 3.23 +£0.01
St 5.01+0.14
S12 4.72+0.16
S13 443+0.01
S14 4.67+0.01

S15

S16

S17

The most imj wt‘uctor a 101:(5 amplification is the DNA extraction from

N
yield an uccurzﬂ'&DNA that does not include inhibitory substance

Hrom cell structure for successful PCR test. DNA based methods are

of succthod often require careful attention to prepare pure DNA in adequate

(Sharbatkhori et al., 2009).
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Gelatin is one of the most difficult samples to extract PCR-ready DNA from, where
the significant amount of non-target DNA present is not the only issue encountered.
Gelatins are the highly processed food that contains 18 different amino acids. Thus,
effective DNA extraction methods for gelatin that can extract the small quantity of
sample DNA are highly desirable. Moreover, the ideal method would also hgegalfable
for automation, eliminating human error as well as potential cross @znation

associated with sample processing (Karim and Bhat, 2007).

DNA extraction from gelatin capsule in the present study had th d objectives;
lysis of representative protein within the sample, obtaining lnleecular weight

NA for subsequent
molecular manipulations (Ausubel et al., 2003). As d rlvio ly, Agilent
porcine detection kit is most efficient to extract the QNA T gtl\lfb;dw The
total amount of DNA using this kit was far higher those sger sillg fagen and
i G
INENIL § Y' extraction

technique unsuccessfully remove protein aow while s nplc%ge, even when

'@(.&cp.
4.2.4 Real-Time PCR Analysis Aj

upber S a2
The qPCR assays (section 4.%(:1‘0 fupler, v,al% *d for species determination and
quantization from gclal@ul 5 \tract NA of isolated gelatin from 20

supplements was tcslw hre iatcs&' each sample and in addition to a

intact DNA and removal of inhibitors from the extragted

Kogene (-value). However, the Agilent detectior

2 : %
negative control wag Yesgpd irf eachiyrud. slatin samples were positive for bovine
: X : A ST
primer, 2 sumpl% ; poght e Jor pogdne primer, and 6 samples were positive for

both primers iFlsu' 4.7).

N
N

09
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The amounts of DNA in the samples extracted using Agilent detection porcine kit was
detected when PCR was performed of the DNA. The fact that the porcine and bovine
CYT b mtDNA product was successfully amplified using the isolated DNA suggests
an insufficient amount of the gelatin DNA template no being the cause of PCR failure.
The fact that less total DNA was detected in samples extracted and ha s&dﬂ'cant
increase in DNA content was detected, amplification of the product %ed when
SYBR green was used (Table 4.4). In contrast of higher amount was no&:scnt when

binding of DNA was performed in the presence of amplification ploWR assay.

Y

ive result obtained

abl‘ 4.4). However,
ae gw;\'c higher
sed. Hop, \‘1«% lower
t‘%W‘R due to

PCR assays developed in my study were highly reliable dug to
from gelatin samples of supplement product (Figure 4.7

most of the gelatin samples did not amplify PCR assays:

PCR amplification when freshly extracted DNA RS

successful PCR amplification obtained when stoy
R arRhfication. The

wergfage failed to PCR

degradation of DNA and presence of reagengg thg

entire DNA extracted from hair sampleg \%(egx

amplification. On the other hand, DNA m % WT c_’g&sulc did not amplify

PCR program due to poor DNA qualitfhQ 13% ﬁa G}&

The standard curve of threshold guclCNCH) e °h ge@aled from 10" to 107 ng/pl

of porcine and bovine DNA%Y; for yﬂil@nknown amounts of porcine
S e

and bovine target DNA in %111 E tion is Ct = 13.689 - 3.569C for
bovine DNA and Ct 2&6 =

cd

fm@cinc DNA, where Ct is the cycle

threshold values obta onfl réal ?IP and C 1s the concentration values to be
determined. The ‘Qm‘at‘i'o of poingrtd bovine DNA in the specimens collected
from retail mar &:rc seen¢h T‘ble‘ﬂ.

\
N
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TABLE 4.4: Result of Real-Time PCR for Gelatin Capsules

”.\:;iaﬁlljwzlﬁnccmr;umn Ct Value Remarks
@‘:'“7” ~Porcine Bovine
 MecanxSD_ Mean + SD Mean + SD
S1 4.85+0.21 26.97 + 0.38 20.54 £ 1.28 Mixture
S2 323

3+0.34 - 26.20 + 0.46 Bovine Yv
S3 2.95+0.05 4 . i c\
&c

90 +0.02 26.41 +0.83 23.07+0.76

w
NN
(5]

SS 5.08 £ 0.06 27.20 = 0.74 - orcine
S6 6.14 +£ 0.82 2.6:57=0.55 - V)orcinc
S7 4.61 +1.07 - - z '

S8 4414091 - - \d
[ ]
X

N 250+0.17 27.69 + 0.81 208N 1.02 jl)‘u‘liﬂ)
S10 3.23 4 .
Y

S11 5.014

S12 4.72 4 Mixture
S13 4.43 Bovine
S14 46 Bovine
S15 3.05 -

S16 2.16 =

S17 1.94 Bovine
S18 378 Mixture

S19 4.82 =
$20 %';
=@ é

ThegesuMwot a small survey of gelatin products were shown in Table 4.4. Of 12 retail

()

products purchased in Nilai area, 6 samples were found to contain porcine-bovine
gelatin, 2 samples were found to contain only porcine gelatin, with the remaining 4
samples being bovine gelatin. The 12 positive samples had lower concentration values

(Table 4.5).



TABLE 4.5: Concentration of Porcine and Bovine DNA in Gelatin Capsules

Sample Concentration (ng/pl)
Porcine Bovine
Mean = SD Mean = SD
S1 524 x107+0.38 1.20 x 107+ 1.28
S2 : 3.12 x 10+ 0.46 Y'
S4 7.67 x 10+ 0.83 2.35x 107 £ 0.76 (}
S5 448 x 107+0.74 y *
S6 6.68 x 10"+ 0.55
S9 321 x10*+0.81
S11 3.13x 10+ 0.53
S12 5.53 x 10™* £ 0.47
S13 -
S14 -

S17 - \, :
S18 2.98 x 107 0.2\) .
—— rF's \‘\
)

9 Q
The mitochondrial gene encoding N YT BN Choséﬁ/as a target for porcine and
lle 4& different concentrations of
91% cycle (Ct) of each sample which

S5

own th F

bovine DNA quantification,
gelatin capsules were detecte

is the cycle number wh&\
corresponds to the in'No el
el A

lower the initial cQiag tio 0

ore

i)f D@Q( In general, the higher the Ct 1s, the

curve jumps sharply upward and

A'\ lc?)u The technique was robust enough to

detect up to 104 and 4Vine tissues in experimentally made gelatin
capsule (Fi‘ilrs 4.7). Whilst thi\@)&l.'vcy was very limited in scope, the clear

discrimin: \bct\\'ccn positive and negative samples of differing compositions

containing foods and possible regulatory action by the authorities.



4.2.5 FTIR and Chemometrics Analysis

The importance of IR spectroscopy for the qualitative analysis comes from much
information contents obtained and the possibility to assign certain absorption bands
related to the functional groups. In gelatin, most of the peaks and shoulde‘ the
spectrum are attributable to specific functional groups (Bendini et al., N Figure
4.8 showed FTIR spectra of gelatin capsule from previous study (S %3.2). The
spectra look very similar and show a typical absorption band (vl‘ tin structure
(Figure 2.8). Four regions involves are 3600-2300 cm’ (Amiw 656-1644 cm’’

Wde I1I). A typical
] a‘d [11 bands, with
igu &)l NS 1S

(Amide 1), 1560-1335 cm” (Amide 1I) and 1240-670 cip™

gelatin capsule spectrum showed low intensities of Amides

wn

the Amide III band almost non-existent of a few sam

consistent with changes expected because of den

19n of doll n’t&%latin. A
o TE 1P«
The Amide A (3600-2300 cm™) region 1% ed by N
' eépurallel to N-H bond,
which is parallel to the helix axig )
polypeptide chain in b-sheets. Theg \ mf he phift lower frequency when the

N ciu.&l'\' Osm\y}riple helix
metretching mode of
hydrogen bonded amide groups. The '%)tiou% Tn
@
hydrogen bonding strength (Qghga¥es (Kgmn 111'1d®1]dekar, 1986). The carbonyl
'
10de

very low intensity showed for Amide Il region
state during high temperature gelatin cxtractioxVMgong? e, 20@.
al st durq&md perpendicular to the
itribtins from in-phase bending of the

C=0 double lmnd—strctchilﬂ

N-H bond and stretchir SIS bagfl, oc® in frequency range 1660-1620 cm’

region which is ot'tcx%‘ edfto®as
5] :
cm - was knm\'anﬁcul’u d 1p4
D2

range of 1550- m™ is dde t‘ ANfde II with a-helical structure between 1550-

1’!(1 and. The frequency range 1660-1650

=1 3
| cm’™ as b-sheets structures. The frequency

1540 cm’ \ kheets at 1525- -\, cm’'. The Amide II vibration is caused by
deformatj » the N—-H bonds. Fischer et al. (2005) and Lagant et al. (1983)
attriute 0-1200 cm™ to CH, deformation. It is known that this region contains
vibratio®corresponding to groups present in fatty acids, proteins, polysaccharides

and phosphate derivatives.
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Spectral region (frequency) selection is the major problem in FTIR analysis because
the chosen frequency regions must be chosen in such a way that the ones describe the
most characteristics analytes to be determined and to provide non-interfered data for
the analytes. The FTIR spectra showed that the maximum absorption in gelatin
capsules is at Amide A and Amide I region. This can be easily used to diTiatc
these compounds and identify the chemical forms of the gelatin ingre% 0

e

1ed using

rcine
and bovine in supplements. Gelatins with porcine and bovine wer%
chemometrics of Principal Component Analysis (PCA). The wave ver regions for
PCA were also optimized based on its capability to sepalw tween pig and
aduleration present in gelatin capsules. The optimal ,wa umbers used for
quantitative analysis (Amide A, [ and II), was chosen for P aw
| ]
Y

N
TABLE 4.6: The Absorbance Value of FTIR S sCopy 1§ S ct! c?gions

Y‘ S ~
(e, . \Q('

Sample Wu%
694 1250 1342 % 1450 @58 ¢, Y1636 3271
y —
0.011 , 0.0 lvqo\l(ﬁogéb 0.046  0.032

250 0. 41 0.064 0.037

S1 0.053 0.013

S2 0.054 0.026 0.022

o

S4 0.066  0.020 0220V 0.041 0.064 0.040
A N

S5 b 0.035 (@ 0.040 0.059 0.013
S

S6 0.059 &032 0063 0.097 0.028
O Q

S9 r 0.068 0.023 0.037 0.059 0.040

S11 a 0.066 C%

0.026  0.040  0.064 0.041
n
S12 i ( )(%» 022 0024 0035  0.058 0.038
¢ z‘ \ ¢ 5
S13 & 504 0.026 0.028 0045  0.068 0.029
S14 \.o:s 0022 0019 0022 0025 0035  0.055 0.035
S17 0063 0023 0020 0023 0026 0037  0.059 0.043
SIS 0.058 0023 0019 0022 0025 0035  0.056 0.034
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Many times highlights from spectra are made by direct observations, but statistical
comparison of spectra can also be helpful. There are a number of multivariate tools to
allow mathematical and statistical comparison of spectra of the same material under
contrasting conditions. One of the limitations of FTIR in making quantitative
conclusions is overlapping band components and difficulties of band aSgagrents

from various complex amino acids such as proline, hydroxyproline and gy

One way of resolving this problem and analyzing the spectra is the usWof principal
component analysis (PCA). PCA is a multivariate technique in w¥{ich a number of

related variables. several spectral data points are transformedy Mmaller number of

dimensions (Jackson, 2003). PCA is a chemometric and Gaglo basid technique. The
factors in this present case would be the relevant wave ers ( le 44).
el

%
S | oi?olymeric

d's.&nining the

Infrared spectroscopy is employed to study ural pr

wavelength and absorbance of individual bayfg cult @'to the presence
of other interfering bands. Such probl dgg C: ] é‘diffcrcntiating IR

Itivariate analysis or

approaches to mathematically dN The most popular and

common calculation of the 10(?111«5 1
) Sa

proposed and described by

3 tzk)'\ﬁl
derivative and adjusts j molutill ction.@givc a desired derivative order and

degree of smoothin({cwc 1'1"01' 1 “)

hold some signifymnced to s ¢ teterence and guide for input of data into

statistical pmu%s ch &

~

-Golay method. The method

4) calculates up to the ninth

NS
Th&}nnalization of the data to the area under the

Y'

entire speclaggNWwas applied du @lhc nonexistence of a most intense, yet static
spectral juring the course of treatment as well as varying concentrations of
oclathee Mesule. Normalization is a common pre-processing step and required for

=

CA results. This treatment is employed because it deletes differences
between spectra due to different amounts of sample and path length variation (Mariey
ot al.. 2001: Kher et al.. 2007). Normalizing spectra does not substantially affect the

relative intensities within a spectrum.
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FIGURE 4.9: PCA Scores Plot of FTIR Spectra of Gelatin Capsule Supplements

Scores

0.01 +

-0.02 4

-0.03 1 . - "
-01 0 0.1
PC-1 (89%) .
t'e.& Se would

PC1 vs. PC2. PCA was pre-treatment with Savitsky-Golay and are malizatjon ar
be changed to the specific classification where number: P is ¢ or porcine: B ivfode f0Twovine: and

N

M is coded for mixture. v \
FIGURE 4.10: PCA lo@(l’ v C2,

Q

o
(e}

694.372126
°

o
o
X

41558.47966

o
o~

PC-2 (7%)
o
o )

0.2 A

3271.26424

.05 YA 0. 0. 0 0 01 02 03 04 05 06
PC-1 (89%)
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Normalization and smoothing of the FT-IR spectrum of gelatin capsule was shown n
Figure 4.9. 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 did this
by calculating principal components (PC1) which are linear combination of original
variables. PC1 (first principal component) explained the most variation am?!ata.

while PC2 or second principal component described the second larQSE riation
among data. PC1 was orthogonal to PC2. A

Figure 4.9 exhibited the PCA score plot of porcine and bovine g s coming from

ocla
commercial capsule shells. Bovine and porcine gelatins wer M separated. PC1
described 89% variation of data, while PC2 and PC3 ~ownt for 7% and 3%
variations, respectively. Therefore, more than 90% of ¥ 10N IWCﬁbed only
*
by three PCs. ' ‘3

Figure 4.10 illustrated the loading plot fo def{crniy iOHY_\&T. variables
Wn of@ samples. The
aéﬁ)lane as the score

)V : 'I&Lns the importance of
- e

her gty a wavenumber from

u
n oﬁ'ﬁﬁt variable (amino acid) to
'1.6'@2.). From Figure 4.10, it was

of giving the most contribution toward

the PCA model (Marina et a ZWOh
1 W, e

known that 694 and 3271 cn e the ¥l

PC1, while 1558 and 1()&‘l wcrl: movry mﬂ%u%mg on PC2.

&)

. i i

Based on Figure 4.%t W Jrat 9‘& PCA plot showed that profiles were
significantly diﬁ‘:&hh} g

[C
contribution i$§ndWate the p 1'csc:nc%w aliphatic N-H stretching region in peptide

1. 1558 and 1635 cm™. 3271 em™ in PC1

73

SR . s . 5 -1 = 4] P
bond. The d&ond difference lies %w frequency of 1558 cm™ and 1635 cm™, which

"H bending and C=0 stretching of the peptide bonds (Rohman et al.,

indicage

7



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 the adulteration in capsule shells as
indicated by the irregular profile of PCA score plot of capsule shells samples, where

the sample was very close with bovine gelatin. It could be explained that t

¢ gflatin. As

frequencies indicating similar content. A decrease and incre

indicate less amino acid material. However, the spectra do ¢ cwer peaks due to

ul.' 2012). The most

e ada ian the gelatin
»

n capsule ‘mtfgt seems

incomparable. During manufacture of gelatin _capy

polypeptide is degraded which may be caused b¥ ch \H\'md 1§g$‘rcal treatment

(GMIA, 2012).

FTIR spectroscopy has facilitated the r IMeE & \an @wmical structure. The
identification of peaks due to chengleg Wt e G4 “gi\v@; confirmation between

porcine gelatin and bovine gclatinN ¢ ‘lm'\u&s’is difficult for adulteration
in gelatin capsules, since the salfe spotgon c@wnlt sample result in different

spectra.
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