CHAPTER 2

LITERATURE REVIEW

Yv
2.1 Gelatin @

The animal kingdom has the structural pledge and most conglon protein and
called by gelatin that is a primarily pure protein food ingrediii a obtained by the

thermals denaturation of collagen (Bailey and Paul, 1 . Vatfr is the major
component in gelatin structure so the gelatin is wa olubl Wubilization
. . . .
involve the destruction of the tertiary, secondary anfgto somg ex 1? the&Nprimary
structure of native collagens (Fernandez-Diaz et al., 2QQ1), spe tficglly b@le partial
Riw, ~
nd

o\mective tissue
9 al ickening agent

hydrolysis of collagen derived from the skin, bonegilide
of animal (Morrison et al., 1999). Gelatin ha%mts
t

and it i1s used in a wide range of food N s.. Gelatg

elements such as carbon (50.5%), h 0%1 (6@,1
;% @ :

1S chposed of various

2 géa (17%), and oxygen
(25.2%) (GMIA, 2012). The main =)

neryt of ¢ lﬂtm‘g-smli]ar to the complex
polypeptides collagen so the gel m a iﬁgc@veigm polypeptide and an
important hydrocolloid. Th@lloi] S tdn@x gelatin differs from other
hydrocolloids because mosfof theh N’Q sacg@?de, where gelatin is a digestible
protein containing all th@ial@acid xcept tryptophan) (Ladislaus et al.,
2007). c; .?',l o,(-/

O

X

The source of gelgli k] begt i 1

\ ~ . ~ .
m&? parts of animal body. The parts of animal
that usually cont@n Selatin are bong kin and hides. Gelatin could not be derived

J o

from the hc Noovcs. and other non-collagenous part of vertebrate animals. In the
AU

1e commercial gelatin was produced in large scale. In the early 19th

thg*commercial production method was gradually developed to obtain the
extract of collagen with high molecular weight and a good quality of gelatin gel.
Lately, many studies have been designed to find an alternative source of gelatin

(Abdelfadeel, 2012).
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FIGURE 2.1: Composition of Amino Acid in Gelatin (GMIA, 2012)
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i ‘xoél structure of gelatin is

with some aggregates weighting in tl %ion%@
]
é ritten from the -NH2 end

described by a linear sequence of cidg It 1 l'éva@%
to the -COOH end. The prﬁ? ant) ¥y aci®y® are glycine, proline and
hydroxyproline. As a resul\% 2 conl

acids: glycine 26-34%; pr% -
amino acids include: ab& -1

acid 10-12%. The v 5 nlm'

between 0.1% an o (Figure2.
v/e

insJrelasgdly high levels of these amino

'y
h_va’@proline 7-15%. Other significant
mw\ %: aspartic acid 6-7% and glutamic

ween 6-9% and the ash content varies

’E]r

manufacture is that the source must be rich with collagen. It is in fact one of the most

abundant sources present in mammals, including humans. About 25% of the total
amount of protein in the mammalian body contains collagen which can be found in

skin and bone of animals.



Animals that are typically used as the sources of gelatin are pig. beef, fish, insect and
other vertebrate animals. There are alternative sources of gelatin from plant. But this
is not gelatin because there is no evidence of the chemical relationship between
gelatin and other plant based materials that are referred to as vegetable gelatin, such as

secaweed extracts (GMIA, 2012).
. Mammalian gelatin (\:

Mammalian gelatin is derived from collagen which is the principg condtituent of

connective tissues and bones of vertebrate animals. The often coseryanimal as the

(@]

sources of gelatin are buffalo, bow, sheep, goat and pig but the ommon animals

used for the gelatin production are cow and pig. In ter the' manufacturing

process, gelatins are derived into two types. Type A gelaMgys u uwived from
L ]

acidic process while Type B gelatin is from alkaline p ss basgs. e’sf_@tg:re of

bovine and porcine gelatin is affected by the gorrMationghgtwgen (N average

molecular weight and the gel strength which dgternyne tl

isoelectric and melting point. From the pre /ic@j dy
d,\_s

shown high strength (Lim and Mohamma 11 T\l

(porcine and bovine) are the most pop agtl wi

\Nengtl&%'ased on the

s

TONRLOW and pig had
‘e,_tgnmalian gelatins
@use the raw material

]
needed for the manufacture of gclati\ N pigsand atqtliqik very easily to produce
(Karim and Bhat, 2009). N
\ J N
2. Fish gelatin \o'
l'dS l@‘f reported for hake (Montero et al.,
-GUEIJ%R. 2000), and tilapia (Grossman and

The study of gelatin cxtw TO1

1999), megrim (Mont%md
Bergman, 1992; J; n% an}

:n er, 02). The main difference between fish
gelatin and mamigl "¥latin such as p'c:)g;and cows are: Fish gelatin has gel strengths

and gelling Nlml is lower, but h} a relatively higher viscosity than mammalian

gelatin. w#tin has gel strengths and melting temperatures that are associated

with the fish lived. Generally, collagen derived from fish living in a lower
temperature environment has lower content of amino acids (proline and

hvdroxyproline) than the species that live at higher temperatures.



Thus, gelatin produced from collagen of low temperatures fishes have lower number

of hydrogen bonds in water solution and lower melting points than the gelatin made

from mammals (Montero and Gomez-Guillén, 2000).
3. Insect gelatin

The use of insect as raw material to produce gelatin is relatively unknov NCumy
people. Infact, not many countries produce the gelatin from insect, becal§ge th source

of insect is limited. In Sudan, studies on gelatin extracted from insectg@ve been done.

From the study, the types of insect such as 4. viduatus and 4. p 15 where used

as raw materials to produce the gelatin. There are three differ thods to extract
gelatin from A. viduatus and A. pubescens namely, mild and | distilled water
extraction method; distilled water extraction method; and egtractjon™yg 1.10t water.
From the results obtained, extraction of insect gelatin§™pg hof wat r'g&@,q;igher
yield of up to 3.0% followed by mild acid extrggtioWw (1.5g6) a1 di{)&‘l’ed water
Ktra i‘oxxl%“c/uams and

conégntrations of 0.1,
d _{ gelatin extracted

n@ study by Mariod et

reaNgen d‘uﬁeﬁnsect gelatin extraction

cqaldeen proteins with minimum
}ie@l&vas characterized using FTIR
commercial gelatin. From the

ﬁ»foisture, 27.0% and 28.2% of crude
f

analysis, both insects shgg¥e Y %
protein, 54.2% and 57.3 \an 3*5 a}
The two bugs pro &Ymt?& ed J6 cs@!"l
amino acid profig TOmmend€d b’y {/R()/ WHO, the bug protein was of medium

quality due lo&n Jerate content of esential amino acids (Mariod et al., 2011).

1
% of ash in dry condition, respectively.
1a

amino acids when compared to the

)



2.1.2 Gelatin Structure

Gelatin consisted of amino acids and so the composition of amino acids will affect the
chemical structure of gelatin. The effect is also influenced by animal species and their
connective tissues (Zhou and Regenstein, 2006). Gelatin contains glycine, proline and
4-hvdroxyproline residues. Gelatin is an amphoteric protein with iso-iomdet
between 5 and 9 depending on raw material and method of manufactur, N only
other animal product containing hyvdroxyproline is elastin and then .A %, much

lower concentration, so hydroxyproline is used to determine the co or gelatin

content of foods. In brief, the protein is made up of peptide tripl
where X and Y can be any one of the amino acids but proling hw‘efercnce for the

1 5‘) amino acids

of denaturation™s disintegration of collagen. Initially the alpha-

Gelatin 1s the \w

1 are held together with several different but easily reducible cross-

links. -8llagen matures, so the cross-links become stabilized (Baily and Light,
1989). 1 as time progresses the eta-amino groups of lysine become linked to

arginine by glucose molecules (maillard reaction) to form the pentosidine type Cross-

links which are extremely stable.
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Hence when the alkaline processing is used on young animal skin the alkali breaks
one of the initial (pyridinoline) cross-links and as a result, on heating, the collagen
releases, mainly, denatured alpha-chains into solution. Once the pentosidine cross-
links of the mature animal have formed in the collagen, the main process of
denaturation has to be thermal hydrolysis of peptide bonds resulting in protein
fragments of various molecular weights i.e. polydisperse protein fragmer ith the
acid process, the collagen denaturation is limited to the thermal hydroly™ peptide
bonds with a small amount of alpha-chain material from acid soluﬁk,ollagen in
evidence (Cole and Roberts, 1996; Cole and Roberts, 1997). Nutrmly, gelatin is

not a complete protein food because the essential amino acid ryMphan is missing

and methionine is present only at a low level (Figure 2.3) (S 99?).
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l\\’ashing with water ) \"

&
% Washing with water

Cjé/ Extraction with slightly

Gy

acidic water

Basic g¢a b 4 Y- ~ Y~
\C‘}’ Acidic gelatin

> fi @)ropenies of gelatin are related to their chemical characteristics. The

? viscosity, setting behavior and melting point of gelatin depend on their

molecular weight distribution and the amino acid composition. It is generally
recognized that the amino acids like proline and hydroxyproline are important in the

renaturation of gelatin subunits during gelling.
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As a result, gelatin with high levels of amino acids tends to have higher gel strength
and melting point. The molecular weight distribution is also important in determining
the gelling behavior of gelatin. The sum of intact o and 3 fractions together with their
peptides is proportional to the gel strength while the viscosity, setting rate and melting

point increase with increase in the amount of the high molecular weight fraction

(Johnston-Banks, 1990). \Q

2.1.3 Gelatin Uses and Applicants in Food and Pharmaceutical q

Y

Gelatin has the capacity to stabilize colloidal solutions. The nolecule moves

‘lm around the

hasg an Q&_\ the
of geflit n‘i ﬁmhzmu

d{) DrapQ/x.prodm:ts

A, 333')

towards the interface of the two phases and forms a monon
micelles. Moreover, it increases the viscosity of the aqueousS

formation and stability of suspensions or emulsions. |

properties, gelatin plays a key role in food, pharma

and in addition to this, has many other technical

Gelatin has a considerable number of food m:tloQ; ses (@ble 2.1). Gelatin

has been used in foods as a beverage clagW a tn

clarifier, and to clarify fruit and ve
and pear juice). Gelatin is used in
0.3-0.5% as a thickener, in ha
(vitamin supplements) at I.Q‘) .

istant gravy, nstant sau & SO

a stabilizer 1n ic 1 m

ses <‘(udc fruit toppings for pastry,
e ﬁ@ for confectionery products, and as
age cheese as well as in food foams
thelude as a stabilizer, thickener, and

2010).

and fruit salads. 1 n

on mould pins on the surface of which carry a lubricant to facilitate the subsequent

removal of the capsule (GMIA, 2012).



Gelatins with bloom in the range of 0-140 are offered for the microencapsulation of
vitamins A, D and E. High Bloom gelatin (between 200 and 260 Bloom) is used for
the production of hard gelatin capsules. Bloom is also known as the gel strength and 1s
one of the most important properties of gelatin. The need to commercially characterize
gelatin gels has resulted in the concept of gel strength. Commercial gelatins vary from
50 to 300 blooms. Hydrolysis of gelatin gels can be initiated by numeroyg f&gtors,

including pH, temperatures, enzymes, acids, bases as well as bacteria. T!u% use a

reduction in the gelling properties of the gelatin (GMIA, 2012).

TABLE 2.1: The Function and Uses of Gelatin ilﬁy

O
Functions Area Used el
Gel former Gelled desserts, lunch meats, confectionery, paté ¥ ggnsommg, W

s . ~ o *

Whipping agent Marshmallows, nougats, mousses, soufflés, chi s i n, ('}
Protective colloid  Confectionery. icings, ice creams, frozen dess Y.
Binding agent Meat rolls, canned meats, confectionery, cligeses, ! Y'
Clarifying agent ~ Beer, wine, fruit juices, vinegar %V <§
Film former Coating for fruits, meats, deli itenx O

Thickener Powdered drink mixes, boud
dairy products

_

)i= D’ avi

(<X ¢ upe;%ddings. jellies, syrups,

q
Process aid Microencapsulation 01‘00\ fla s hd vi@ns

Emulsifier Cream soups, saff€es, 1K’0rings. meat aqle@ppcd cream, confectionery.,

dairy products

By

Stabilizer

(i=]

1\' urt, @\ cream fillings, frozen desserts

wr@ls to confections, to bond layered
sthm? to baked goods, to bind seasonings to

C
$ (Turner, 1988)
R

Adhesive agent

=i
—

Another us Ylatin is the percipients in pharmaceutical formulations, including

vaccings, MY used as a binder for tablets and for excipients (a material other than

the active®ibstance that is added in the formulation of a preparation for various
purposes or functions) and may be originating from quite distinct sources, including

gelatin (Muyonga et al., 2004a).



2.2 Analytical Method for Detection of DNA in Gelatin Capsule

A reliable analytical method needs to be developed to detect the absence or presence
of certain DNA in gelatin products. Several methods have been reported so far, based

on chemisorption, chromatographic, i1mmunochemical, mass spectrometric,

spectroscopic and molecular techniques. Y.
|. Chemisorption Method :%

In the chemisorption method, it was reported by Hunter et al. (IQST collagen,
a

gelatin, and agarose gels promote the formation of hydroxyapati morphous

m]? By chemisorption
of gelatin. Termine et al. (1970) reported that the presg Lv - gelati

0 COWI gelatin

enhanced ACP formation, suggesting that the interactiongbetw®n gelatj dcaie.ium
- {1 >

n n this

bqy e bone
f ca]@?phosphate

g C@Stlon was found

ucts. However,

calcium phosphate. Hydroxyapatite is a compound which is

phosphate precipitation may be used to analyze the s
fact. Hidaka and Liu (2003) presented a new me
gelatin from porcine skin gelatin using the in
precipitates. In their study, the reaction of cggun
to be useful in distinguishing bovine gelatg

\

was stated that further study was needed to
2. Chromatographic Methods

In the use of dnonmtoomphu me )ds al (2012) carried out HPLC-

based separation and dc ml 101 'mn ‘%1(13 in gelatin using principal

—

component analysis. |

*UQY imu,) of porcine and bovine gelatins

purchased from Sig A |d@fich, 1d @boxatmy prepared soft candy g gelatins
were examined ugfng t andl s Alppragidure following a complete hydrolysis of

samples by cot bonal acid hydmh@lto promote release of amino acid residues.

Separation an rmination of amino acids was achieved by reversed-phase FRIE@E

(RP-HPL ywing pre-column derivatization. The 16 peaks resulted trom HPLC
analysis uded that one sample was very typical of bovine gelatin (Raraswati et
al.. 2012). In this study, PCA was used to extract the significant variables from

parameters of peak height percentage for each amino acid.



The result of PCA is the principal component (PC), which contains information to a
certain amount of data variability. PC1 (first principal component) accounts for the
most variation among data, while PC2 explains for the next largest variation and so on

(Raraswati et al., 2012).
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candy from porcine gelatin; 4 and 5 = laborato
laboratory prepared soft candy from porcin’\ 0

Figure 2.4 shows the PCA SCOI‘D]J‘ 10% in‘e(J1 bovine gelatins coming from
Sigma and laboratory pr%&xsoﬁlc '

i andy. Th Trizontal axis is the scores for the
first PC, and the vertic Ns fqQr

tory prepared soft candy
ndSs laboratory prepared soft
ndy ft; bovine gelatin: 6 and 7 =

<
S

I
']

1 d l@’ Bovine and porcine gelatins, both in

t
]
standard or in soft gagdyJverd clearly se@tcd. However, the figure could not give
the classiﬁcutio% orcift & bo‘!& >. The aforementioned physicochemical
methods bachH LC and calci@@hosphatc precipitation have not been proved

yet to be at thcct bovine and porcine in commercial food product.
3. IgmuMyghemical Methods

As for the immunochemical methods, Hofimann et al. (1999) examined an ELISA kit
for its applicability to species identification in gelatin and gelatin-containing products,

such as gum confectionery, processed turkey and chicken.
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However. results were influenced by gelatin type, gelatin quality and concentration
used and. in some cases, led to false negative or positive readings. The very high
homology between collagen sequences of mammals’ makes their immunochemical
differentiation difficult when polyclonal antibodies raised against the whole molecule
are used (Venien and Levieux, 2005). To overcome the challenge, Venien and
Levieux (2005) produced highly specific antibodies, immunized rub\{‘;g"inst
putative species-specific sequences of the bovine collagen alpha 1 Jain for
differentiation of bovine from porcine gelatins However, such amibd&vcrc found
to be very sensitive to the alkaline or acidic process used for the QM production
and not enough species-specific to allow a sensitive detcctionixture of low

concentration of bovine gelatin in porcine gelatin (Hashim dial. OlOf‘
4. Mass Spectrometric Method \d
]
| &
Within the context of the mass spectrometric metho¥g Ocang qt a (2()@! reported

that some species specific ions could be detected ung ma \p{u rosco%aftcr bovine
or @ion of bovine

gelatin was hydrolyzed with 3 mol/L HCI ar
sht be 11 enc@by the hydrolysis

gelatin. However, the content of target im\

time and temperature. In this respect %g cﬁ}&( {w\'c developed a new
i? ) . Q

z
ol
~
(e)

method to differentiate bovine ¢ d on detection and

identification of marker peptides § }h
digested by rrypsin, and the (eg tZg
liquid chromulography/lm% {ERN
methodology, they couk&c:sf

and porcine in the %\cd
important result th;%\'cacl ed

remarkably inflgchegg by pro w‘lydw’(ylation. However, it was also reached to a

ot tj\ rarker peptides specific for bovine
.at‘ld rcine gelatin, respectively. Another

1S y was that the peptide identification was

conclusion

(GPPGS/

was ncccssary@ manually verify the sequence for peptides

and GPPGSAGAPGK detected in digested bovine and porcine

e

gelatin, TAage¥tively) since there might be a risk to confuse the proline hydroxylation

with thowflss difference between Ser and Ala residues. They concluded that detection
of marker peptides in the digested gelatin sample using HPLC-MS/ MS was an
effective method to differentiate between bovine and porcine gelatin. However, the

method also has some drawbacks (Zhang et al., 2009).
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During MS/MS data processing, the threshold for specific peptide identification might
be different from one species to another (Li Chen et al., 2007; Shadforth et al., 2005).
More clearly, it is very difficult to detect marker peptides in the digested collagens
because of the very high homology between the collagen sequences of mammals using
this method. Furthermore, proline hydroxylation is another challenge making

identification of peptide more difficult than for that of most proteins ( hm al.,

2009). (o
5. Spectroscopic Method Y’

In the spectroscopy method, the FTIR spectroscopy togctherw attenuated total
gelatin and

intermolecular cross-linking study of collagen and ns (\0\1& Xu, 2008;
Muyonga et al., 2004). Hashim et al. (2010) have usedaghe Fourger T 1‘fo‘1~.1@'nfmred

reflectance (ATR) or transmission accessories has been us t(%cte mine

(FTIR) spectroscopy for differentiation of bovine dfggorcing ¢ 2lafns. "\%cir study.

spcﬂa of all gelatin
Q

gio@wcre found to give

samples were analyzed using discriminant Sis. Thes

information about the origin of the g‘% Howe\\t 1

. [ ‘ c}
need repeated results (Hashim et al. ¢ “« Q
6. Molecular technique Y' %

'S
. e s 4% , .
DNA techniques or molec&'tc h ‘e bgCgme very important and are widely

used nowadays compjg )Cl]l)"\ s. Advantages of DNA analyzing

methods are manifold 1§ a%ely y'ly@éb’lc molecule easily allowing analysis of

processed and hej Q&d 1}) 1 pgbc $$fug to the ubiquity of DNA in every type of

cells, all kinds WUC can¥e !rn;@td. Early methods based on hybridization of
E ;

specific praes v®hikuni et al., 19&‘?: Wintero er al., 1990) were complicated, time

consumipe N insufficient for complex matrices. The polymerase chain reaction

specifiO¥y amplifying a target region of template DNA in a rapid and sensitive

manner (Chikuni et al., 1990).
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PCR systems used today only allow a qualitative detection of animal species. Because
even trace amounts of less than 0.1% of one species lead to positive PCR results
(Behrens et al.., 1999), it is necessary to differentiate between technically unavoidable
contamination or intentional admixture. Therefore, adequate quantitative detection
methods for small amounts of DNA must be available. PCR analysis can be used as a

quantitative method if internal standards (competitors) are co-amplified with arget

DNA (Section 2.4). (0

Cai et al. (2011) have used real-time PCR for detection and quallv ' 'pn of porcine
and bovine DNA in gelatin mixtures and gelatin capsules. In thag stytty, two species-
specific qPCR assays were developed based upon repetitive Tms. They allowed
sensitive detection of porcine and bovine DNA at as low pu/tnL. The lack of

cross-reactivity when the sets were used to amplify D

7o of&bie other species in

the gelatin blends could be determined. gVhentev{dqte

rclg{m capsules, although

significantly less DNA was detected! 1 %c and bovine species

Therefore, the porcine and bov
represent simple, reliable ¢

quantization of the spcciC‘Migin "i’(\'ﬁighly sessed products (Cai et al., 2011).
RIS

|
s’
&
2.3 DNA Isola th‘“&"&“@

NV
The isoluti«x #cnomic DNA 1?&? fundamental requirement for many analytical
1

procedurgg ough proper collection and stabilization of the sample is crucial,

puri Of the DNA is often the key step for success in downstream analysis.
Ideally, T an analytical environment, an effective DNA extraction procedure should
be as simple, safe and cost and time efficient as possible. It should also reproducibly
provide DNA of a sufficient quality and yield to allow subsequent analysis (Riccl et
al., 2013).
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Generally, there are three important factors that affect the yield of the result of
suitable analytical method of isolated DNA as an analyte for a given technique,
namely: (i) Concentration of the DNA (ng/pl), (ii) Purity of the DNA (1.8-2.0) and
(iii) Stability. The three factors can be influenced with how the technique is engaged

and. in turn, in subsequent analysis can impact upon the validity of techniqugssagplied
(Ricci et al., 2013). \z

The result of yields and purity of DNA give any different if the ex{raCen method is
engaged differently. From the previous study extraction m&c’s have been
systematically evaluated for specific applications with the diﬁNt sample such as
soil and sediment (Collen, 2011), human microbiome ( 1 ¥ al., 2012), and fecal
(Claassen et al., 2013; Kennedy et al., 2014; Peng et al4 3)an t!le g dy had been
concluded that the use of modern method such as silf

.9 !
a based tgchr ones\ﬂ]'agnetlc

num 1}5 t igwe @x based on
the purity and the yield of the DNA. N
' t%s alredey e 1 od that have been

Silica based technologies with micro spn\ b‘dg
used for many isolation kits. QiagenegKogche it 4lso use the method to

oy

isolate the DNA from samples. The (s¥oriiost o the ducts related to nucleic
“« Q-

acid purification is the unique pro& , Q) & tri&&or selective DNA binding.

Types of silica materials 11 cl\wg glags p tcles@mh as glass powder, silica

& N
particles, and glass microfi repargel_b gipii} g glass fiber filter papers, and

including diutomuccou&ﬁ. Hy
all

separation, anion exchange technologies give the

l\d silj L)matrix, which was prepared by

refluxing silicon dioxidgin Yodiu

’
of about 2:1 to 1 % atffleas al{)u(-) hours, had been introduced in DNA
’ck a

AWC.Y :VOO‘%@'et al., 1994),

N
The princil€ silica matrices }&J}lﬁcation is based on the high affinity of the

')xi(@‘# potassium hydroxide at a molar ratio

purification (Pa

negative bed DNA backbone towards the positively charged silica particles.
SodjumWNaYs a role as a cation bridge that attracts the negatively charged oxygen in
the ph®hate backbone of nucleic acid. Sodium cations break the hydrogen bonds
between the hydrogen in water and the negatively charged oxygen ions in silica under
high salt conditions (pH =7). The DNA is tightly bound, and extensive washing

removes all contaminations (Arnolds et al., 2005).
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The purified DNA molecules can be eluted under low jonic strength (pH =7) later by
using TE buffer or distilled water (Esser et al., 2000). Besides silica matrices
nitrocellulose and polyamide membranes such as nylon matrices are also known to

bind with nucleic acids, but with less specificity (Arnold et al., 2005).

The first stage in DNA isolation is the process of destruction the membr \\ d cell

wall. The destruction cell (lysis) is a stage of initial isolation of DNA % aims to

remove the contents of the cell (Holme and Hazel, 1998). The dcstlud%

tissues have several method namely physically, chemically Y' enzymatic.

Techniques destruction of cell or tissue in this research is enz Lhmquu which
ztel

as many as 220 ul proteinase K working solution (200 pl 1'ase K digestion

buffer and 20 ul of proteinase K) put in sample and 1 ated at\Q3° gdfffor 1 hour.

- ihu sxablllty

frgm t}et., DI\A by

é?@d that after
¢ phade on the bottom

Extraction using Proteinase K working solution causd rotein jo lo
and undergo further the precipitation that could b epax‘}c
centrifugation (Karp, 2008). Bettelheim and Lai bc
centrifugation would be formed two phases
layer and the phase aqueous phase (water)
aqueous after centrifugation, protein t S

lipids would be in the organic phase

‘ . \ N
After extraction process, t W ln‘! k @ned was concentrated by

precipitation stage. In general, thg olu% at s stage 1s ethanol or isopropanol.
The two solutions w ould Mpitate DN n a %us phase so that DNA clumping to
1t s 10 pc&)&centntu%) (Switzer and Liam, 1999).

bc >Ucpalatud from the residues of RNA and

form fiber structure ai

In this precipitatiogmyage,

protein that umw At (W sp0f L nol or isopropanol had been discarded and
the pellet wi \Ad in a tube, thL.@%ls was remaining in the tube is concentrated

precipitated using ethanol or propanol was intended to eliminate the residues of salt

remaining (Keller and Mark, 1089).
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The salts that was involved in the extraction process is less soluble in isopropanol so
could be precipitated along with the DNA, and therefore is required ethanol after
precipitation with isopropanol to remove residual salt (Ausubel et al., 2003). After
precipitation and washing with ethanol, the ethanol solution which has been used was
discarded and the pellet was dried by centrifuged the pellet without any treat " The
stage was aimed to remove residual ethanol from pellet DNA. After t A pellet
had been dried, the next step was the addition of the elution buff4 to tubes that
contained pellets and then stored in freezer with temperatures round -20°C.
Verkuil et al. (2008) suggested that the elution buftfer and tempew storage at -20°C
was intended the DNA that had been extracted could be kgt W weeks (Ausubel et
al., 2003). é '
Nd.

Traditional DNA extraction methodologies emplo cherpical 1u:{..§: SDS,
proteinase K and phenol are now reasonably well estMlisheg Sa roofgand Russell,

LY' T andé'@\\'m:lve multiple

Oforcduced hands-on

2001). These methods tend, however, to begtim&cons

liquid transfer operations. Alternative co@ Kkits

time and cleaner approaches to extractigns; \'e\-Ktl

limited to very specific application ;n ’n a%a €
(]
d o

approaches mentioned may be 1dg ituatgon ﬁl% further complicated by

an :bgnorc expensive and

Jonment neither of the

9%

the sample matrix composition.

matrices and non-ideal sz%@
Measurement of DNA yis‘witsclf

extraction mcthodolog\ br

important 1n :wg suffatyg ¥ forgownstream measurement. An inappropriate

choice or a ytimal cxlractimg&}’t 10dology could have significant consequences

for subseq \anulyscs. which may have to be repeated, or produce false negative

roa@e may be preferable, complex
h\hditional clean-up procedures.

g &Mt to determine the suitability of an

Q

—

results? nation of the entire extraction procedure increase throughput and reduces

analy? ors. often resulting in a more accurate and cost-effective DNA isolation step

in the laboratory workflow. Validation of sampling procedures, sample storage,
sample preparation and DNA extraction should all be considered vital to the
production of quality data in subsequent analyses whether these are accomplished

manually or on automated platforms (Sambrook, 2001).
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2.4 Analysis of Gelatin Capsule
2.4.1 Polymerase Chain Reaction

PCR (polymerase chain reaction) is one of the techniques to learn about molecular
biology and it an enzymatic method that was used to multiply expmv'wly a
nucleotide sequence specific in vitro way. The method is very sensitivt\ can be

used to multiply the DNA molecule (Rosenthal, 1992).

The original concept of PCR technology requires that certain s of the DNA

sequence to be multiplied should be known before the multi lwn process can be
done. The known sequence is important to provide k’ which the short
oligonucleotide sequence that the function initiat%sis !)f NA in the
polymerase chain reaction. Further development §Qf R | megpo 'a@\\'s the
multiplication of a DNA fragment of the unknow@nce r an’1 (?vith Alu-

en gtl%f)proxinmtely
<

repetitive DNA

PCR method (Rosenthal, 1992). Alu is a DN

4

300 bp), which is widely available througheu
sequences). Alu-PCR is a PCR method tNa 17€8 B0 seudnces as a basis for
primers to multiply a DNA fragment %ﬂ\'nown\eq} enf&llTat contained between

two Alu sequences (Rosenthal, 1992

S

Target PCR is a nucleic acid (D dou'le Stpe was extracted from the cells
: . ( :
and denatured into single-st nu 1.0 c gffigs, THe components of PCR reaction

consists of a form o‘wi‘clo\ucle@ primers for the target genes
gl

f1
selected, enzymes (ge Tad i:ras&% ermostable and thermoactive enzyme
&
t

derived from 7her, b/uaf C'l?J ('}(}'l?osphat deoxynucleoside (dNTP) that is
used to ampht% argep Sci :r pligited exponentially with multiply the initial
target. The rcSti 1 1s carried Yi.n a heating machine that is programmed

N\

automatice nd called a thermocycler. The machine provides thermal conditions

separation of double stranded DNA), annealing and extension (primer elongation).
The process that is started from denaturation, annealing and extensions was referred to
as one cycle. The PCR products can be directly visualized through a process of
clectrophoresis and used for further analysis (Weissensteiner et al., 2004).
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PCR techniques began to develop after the discovery of DNA polymerase enzyme,
which can replicate DNA. The technique was initially developed using Klenow
fragment of DNA polymerase | that was derived from Escherichia coli. Klenow
fragment is DNA polymerase that has eliminated the eksonuklease activities. The
enzyme has some weaknesses in the highest temperature, the m@ of

S

The low process of this reaction indicates a low ability of the enzyr incorporate

polymerization medium, and the process is low (Ali et al., 2012).

nucleotide polymerase with a primer continuously without expericNgIIZ dissociation
of a complex of primer-template DNA. PCR method was first Noped in 1985 by
Kary B. Mullis, the researcher at the company Cetus o&gtion. In the early
development of PCR method is only used to multiply @ I Jecu , but then it
was developed further so that it could also used to mgldiply~and quq{Wzation

of mRNA molecules. This time PCR method has widelyfus f(!r-kvariety of
0 4

enetic manipulation and analysis (Ali et al., 2012?' \ Y\g

PCR process involves four main compon\%) D ciffplatg&ehe DNA fragment
prir Q

to be duplicated, (2) oligonucleotidg Short sequences of

I3 1i<? A
oligonucleotide (15-25 nucleotide bas@), thy iai € sng.c&sis of DNA chains, (3)
%!s

[
o

) s ons@ ofidATP; dGER. dGTE,

deoxyribonucleotides triphosphatc&
MNeaction catalyst synthesis of

dTTP. and (4) DNA polymeras ne
. : : (
DNA chains. PCR proccss% ts 0} hr ‘ﬁtfgg' denaturation, annealing and

amplification. At the st&% denP fon, a éNA fragment (double strand) was
1 111

heated at 95 °C for 1% tes sQy ' s@fate into single chain (single-strand).
: ¢

The annealing stag %tar d ala dle 1f)'aﬂture of 55 °C for 1-2 minutes, the

oligonucleotide %& attagl ‘d):) 1@1})1:}& DNA that complementary with the

primer scquencs. ter the annealix@)cess, the temperature was raised to 72 °C for

‘\tlis tunpcrature,\tﬁc DNA polymerase enzyme will do the poses

30 second

polymgrf&&tic DNA chain that will form a hydrogen bridge with the template DNA.

is called amplification (Yuwono, 20006).

The advent of PCR during the mid 1980s enabled measurements of target DNA across

a wide dynamic range, and is sensitive to as little as a few copies (Saiki et al., 1988).



Conventional PCR analysis involves and-point detection of the products formed, and
as the rate of product generation is not linear over the course of the reaction then
extrapolating from the final amount of product to be the initial amount of starting
material is not straightforward. However by defining the sensitivity of the reaction or
by the use of reference samples, comparative standards or competitive mw’ :'Cs it 1s
C

possible to generate data ranging through qualitative to semi-quaj and

g 1&%
quantitative (Saiki et al., 1988). :%

Such strategies all involve the detection or quantifications of PC duct, using a
range of methodologies including agarose gel in the presencewlidium bromide,

rethods vary in the
ntyT qugtitative real
time PCR has enabled highly accurate quantificatiog usifg a pMc&'bration
. . . . \
standards, and this will be detailed out in the next on (Sec@o .4.'2)-@iguchi et
al., 1993). Yv N
2.42 Real-Time PCR (,) ’\_\? ,<\
% o S
W

7] Q.
The sensitivity of analysis uchlc\\ ith ms&@ to the technology being
adopted across a range of sgct or 1tan abplj \ms a quantitative results 18

LON

capillary electrophoresis and mass spectrometry. Dete

accuracy and precision of analysis. More recently the d

: : . (
required, which has driven t clopment ’I“Ql’] ¢ of strategies to determine the

amount of starting mat&N'n dlsa\'e A@aches such as competitive PCR
Naaf 101 @?sis (Levinson et al., 1994) have been

(Gilliland et al., 1‘)9())\1 1itin
used as routes to ¢ &}ati( 1t u{h (li?vuriable nature of the PCR process and
the amplificatior targe(to )ﬂﬂXi@ level irrespective of the starting amount of

target limit tl}c a‘cu acy of these mc&&i.s (Alvares et al., 2000).
\ B

The devg Nt of PCR method that currently used is real-time PCR. The detection
in real- CR is underway in single stage because the accumulation of specific

product™ recorded continuously during the cycle and it could not be performed on a
standard PCR (conventional PCR) that still relied on agarose gel electrophoresis to

quantify the amplicons.
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The detection of Real-time PCR products is quantitatively different from the standard
PCR that the quantization of the amplicon based on the length of base or molecular

weight (Dharmaraj, 2009).

The quantity of real-time PCR products are calculated based on the threshold cycle
(Ct) which is the fluorescent intensity is greater than the fluorescence vas
induced by noise (background fluorescence). Noise can be caused the a mnt of a
solution of DNA isolates along with PCR reagents in the tube wal]&( fwell The

advantages of real-time PCR are the detection was measured precis en the target

amplification was first detected in each cycle (exponential pha not in the final

phase of amplification (the plateau phase) as occurs in sta?ﬂ PCR. The more

amplification cycles that are performed, the higher the yie e 'el\ctio , as long as
M

the components of the reaction are not completely lymitiify an ym%;etains
some activity. Through the repeated denaturatioqé of the li .@ enzyme
4

activity does become depleted, and in practice rdT mo,;{ 0 c.)ggs does not
t

appreciably increase yield. It is also impor ncsy, spee oughput with

overall efficiency, so it may be effectiv (% a smumehunaé of amplification
cycles, if this allows an additional rym to be y 1? ﬁnin the working day
(Montowska and Pospiech, 2010). ? 3 Py g}
q &S
According to Edwards et al. (_@%Y}hel plic tion%é real-time PCR technology
ndl i@roves the accuracy of PCR

-tim R technique is more efficient and

reduces the time of treatr testi

quantification methods. Tl\xthe us
effective than standard &( dyads

\ al.,\ 4). Quantification of real-time PCR
can be performed by teghntq

:’(ll %e use of fluorescent dye that binds to

double-stranded d s;? thegus (@ﬂnodiﬁed DNA oligonucleotide probes that
emit fluorescenge n hybri zed' wi\t}?ﬁ complementary DNA.
A S
The use (\%\esccnt dye is also known as SYBR green method. SYBR Green-based
1Nge |

detect cast expensive and easiest method available for real-time PCR. Other

meth uch as TaqMan) require an expensive third primer labeled with a dye and a
quencher. Most real-time systems detect and accommodate SYBR Green making the
method very flexible; however, some instrumentation may also require the simple

addition of a reference dye to normalize the system’s optics.
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SYBR Green specifically binds double-stranded DNA by intercalating between base
pairs, and fluoresces only when bound to DNA. Detection of the fluorescent signal
occurs during the PCR cycle at the end of either the annealing or the extension step
when the greatest amount of double-stranded DNA product is present (Soares ¢t al.,
2013). However, SYBR Green detects any double-stranded DNA non-spegifically.
Therefore. the reaction must contain a combination of primers and mastégigs that
only generates a single gene-specific amplicon without producing an %spcciﬁc

secondary products (Soares et al., 2013).

The data generated can be analyzed by computer software that pnnected with a

¢ R‘cs‘hold cycle (Ct) of

cycler was

thermal cycler to calculate the number of copies of DNA or

certain pathogens in food samples. Amplification is carrig
Iﬂ@cablc

shown in the form of a graph on a computer screengwith®oftpvare
against thermal cycler, for example, is a softwarc%cplus a CJ l:ﬁ(avstcm).
The graphics are obtained in the form of graphs 'ﬁc&ukn Lnduw:cur\'cs and

usc&@‘ evaluate the

——

melt curve (only for SYBR green method

performance of real-time PCR umpliﬁcali(\ b et al., 2
. :’dla)liﬁ
(]

Joct}'s&is started. The graph
amplification could be seen In v 2:
fluorescence intensity. The mug ' |

Graph amplification is formed since t

9 = .
as '@‘ihcutmn or not. Graph

ificaon is determined based on

li

| 3 2‘, ct is produced the greater the
crca‘léﬁm fluorescence is characterized by
joid graph would be intersected with

the formation of graph { ije). St)
, ¢ | . E
base line threshold t%zs cen ﬁntlf)fai automatically by the program. The

APh and base line threshold if it reflected in
%mold cycle (Ct) for the samples that were
line will be 1‘01‘11\1(03 if there is no amplification in a thermal cycler.
Ct valug 2 cle above the noise product which is the product of accumulation (2",
1 isathe Wwmber of repetition cycles of amplification) was first legible in the
exponential phase. Exponential phase ended into the plateau phase when PCR

reagents in the reaction mixture had completely reacted (Kordo et al., 2013).



FIGURE 2.5: The graphs Amplification in Real-Time PCR (Kordo et al., 2013)

Plateau

sample
Exponential phase
Threshold Ct = Threshold cycle

Baseline

Fluorescence emission at each time point

0
0

PCR cycle number Y.
The model software will construct amply E%V]plo T B(extension phase
ification. The standard

fluorescent emission data collected du% e 1
deviation is determined from the dat i tsﬂc cctipd ﬁ'@ the base line of the

q .
amplification plot. Ct values are ted bIngegfrmir fv&- the point at which the
(

fluorescence exceeds a threshold vusullly

base line) (Kordo et al., 2013)

ilm@he standard deviation of the

7S

The fluorescent CO]]\'CI'Si&:tOY 1 b Ctel‘@d by means of a calibration graph'

on which the ﬂu"“’&@j\’ﬂl e fi 1,9! dﬂgffon series of DNA standard has been

plotted against kn chentvayl i&Zb)‘ The variations in fluorescence with

concentration $ %c lineal px‘vid@' the DNA concentration is not excessively
>4

high and sufgc dye has been u@to saturate all possible intercalation sites. It is

importan Nire that the concentration ranges of the standards give fluorescence
values (Mte within the dynamic range of the fluorometer or fluorescence plate
reader D™g used for the assay. The gradient of the calibration graph can then be used
as a conversion factor to determine sample DNA concentrations (Alexander et al.,

2013).



FIGURE 2.6: Calibration Curve of DNA Standard (Alexandra et al., 2013)
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od othe{’%tablislled

Concentration values of the standard could have be

acturg %16 accuracy

of the quantification process 1s signiﬁcantl'\ ced b uakif of the standards
nd us

%(Tx is\central to acceptable
ongot absPlute &A quantities remains
“« Q-

sigli&/standard values must be

i 5(@:11@5 used for fluorescent
&

used. and thus consistency in the source
method performance. Further, as detern '

technically challenging, then the aé\

of a
critically assessed to determy eweliafilit
spectroscopy (Wilhelm et al., m% \:JL}
Ny

I ! pro@ at each cycle, an analysis of the
products generated in Factfor? n )!:: %rmed at the end of the amplification
process. This is t ‘&7116} al £ compatible with both intercalating dye
reporter syste@ose whdfe t{e %Rx’hers binds to the PCR product to achieve a
change in ﬂ&es nce intensity. Tg)perfoml the analysis the fluorescent signal is

In addition to measuri Inck

monitore temperature is gradually increased from around 50 to 95 °C, which
rcsu\%increase in fluorescence as the double stranded DNA or primer: product
complex 1s dissociated. The change in fluorescence against temperature is usually
plotted by instrument software, yielding peaks corresponding to the denaturation

maxima of each double-stranded species present in the system (Figure 2.7).



The dissociation curve for the analysis was showing a single, sharp peak, suggesting
that only a specific PCR product was generated with this set of primers. Primers-
dimmers. non-specific or mismatched sequences will generally have a lower melting
temperature than the specific product of the reaction, and can be distinguished by this

post-PCR analysis (Cubie et al., 2001).

Recently, an extension of melt curve analysis have been develope ,%\d High
in real-time

Resolution Melt (HRM) (Corbett Life Science), enabled by improve
PCR instrument capabilities and the dye used in analysis. Rapi collection is
required, with very high precision thermal resolution (down to MC) and dedicated

analysis software. Samples are characterized based on vey d¥ailed measurement of

pr ﬁlgs'\sz?iles may be
n singlefbas U‘hikwnatched

can be distinguished, allowing application of t ethod t ail%d-\?notyping
Z
ite

their disassociation kinetics, and with more detailed

discriminated by length, GC content and sequence.

analysis, and thus this approach could potential ex

more complex probe reporter system (Duﬁ'etw % 25‘)6)
FIGURE 2.7: Melt Peaks of DN %Hﬁ@;c @umar et al., 2013)
o S

Melt 4 AQ%—
>

0 1'6@332 the use of

> Amplified Products

tive Reporter (-Rn)

Negative control (primer
" dimer) with no amplification

el mne wa we vl

Temperature ( °C)
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2.4.3 Fourier Transform Infrared Spectroscopy

In infrared spectroscopy, infrared light is passed through the sample and then was
measured the fraction of absorbed radiation in the wavelength range and produces a
spectrum in which shows the qualitative information from protein. The chemical
structure and forms a molecular bond with certain functional groups of S&@Sted

=,

~troscopy 18

becomes the basis of the spectrum form to be obtained from the res halysis.

Thus it can be used for testing qualitatively and quantitative. Infrare
a4 method to observe the interaction of molecules with electromagne®gradiation in the

wavelength of 0.75 to 1000 um, or in a wave numbers 13000-10N(R0hman efial;

Infrared is an electromagnetic ray that the wavelength isWgpre hwrisible light
: X
and less than the microwave (between 700 nm and m). Way ’lig@gion in

2012).

infrared spectroscopy is the mid-infrared region, CWis atdvave ngQ/Rfrom 2.5 to

50 pum or at wave number 4000-200 cm’! (Peti% d Qi ™ _006@.
) %

Vibration that was used for identification 1SWgg¥vibratior cnds@lrlicularly rocking,

%)er m @ (functional groups).
@ : :
ach 351112@111})ound has a unique

e fi L@print region. The principle

which is located in the area of wavg

od @Y be passed through the sample
zfnéjforwardcd in the detector that was
connected in computer {Mgetrum 11 ‘hen\. | structure and forms of molecular
bond with certain fu L\ﬂ groeps 1',";11 tested become the basic shape of the
spectrum to be ol fronf thg aplalysts’ Thus, the FTIR can be used for testing
qualitatively ar titatively. fe ctpnists have set a thousand of infrared spectra
vavelength of ab&}]’)tion of each functional group (Chongjun et al.,

and dclcrmiC\
2010). T Ntion of a specific group at particular wave number is shown in Table
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TABLE 2.2: Specific Functional Groups on a Particular Wave Numbers

Group Specific compound Absorption (cm )
C-H Alkane 2960, 2850, 1350

C-H Alkenes 3080-3020. 870-675
C-H Aromatic 3100-3000. 870-675
C-H Alkynes 3300 %\
Cc=C Alkenes 1680-1640*
c=C Aromatic 1600—15(?

C-0 Alcohols, Ethers, Carboxylic Acids, Esters 1300-

Cc=0 Aldehydes. Ketones, Carboxylic Acids, Esters 7601690

O-H Alcohol. Phenol (Monomer) ! —36%
O-H Alcohol, Phenol (‘“H' Bond) 6009000 I . \Y'
O-H Carboxylic Acid 3600830 "\

N-H Amine q

C-N Amine

NO, Nitro \j 15(»0@ 5,1386-1345
4

GQ-
&
%j\%

clat Iha Mbsorption peaks at almost

Generally, bovine gelatin apd cine

identical wave numbers. Hov& if \Q cﬁtiyly at the curves, there are some
differences between thc&m anl I
showed that bovine 8@" ’?"’b’ ﬁ)@l peaks compared to the spectrum of

porcine gelatin as Q' nd\Q)regions (1656-1644 em’' and 1560-1335
em’). The rcgio% cen

jSO M s related to the N-H bond stretching and

intramolecula frogen bonds Q@?’ninc group in the amino acid chains. The

absorption E\i‘pondcd to the N-H bonds, showing the interactions of hydrogen
1]

>ha helical structures of the gelatin. The resulted peaks can be shifted to

i,

pOIpIne ins. In Figure 2.8, the spectrum

—

bonds

Bl



FIGURE 2.8: FTIR Spectra for (1) Bovine Gelatin and (2) Porcine Gelatin

(Fathimah, 2010)
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The stretching of the carbonyl (C=0O h I'(‘Yl tl&area between 1660 to
% fg A
n1 . P&Ks in the range between
AP

1620 cm” which referred to the e 1

1660- 1650 cm™ represents the al&cal cpres 1640-1620 cm’™' represents
as the beta-sheet structure. The?!enci of gafide ,@h depicted by peaks in region
between 1550-1520 cm’ »% orrespon ‘.tl NH bound deformation in the
structure of alpha helic NSO—lf ") apsthe beta-sheet structures (1525-1520
cm’) (Fischer et al., @Th 'at 1@;&-1200 cm’ are a representation of the
CH,. This is relat %\e jlt%fdl‘ ga'bon groups contained in macromolecular
compounds SU%&W’ dsfprotey \and polysaccharides (Figure 2.8) (Fatimah,
2013). A &

N S

-

2.8 emometrics Analysis using Unscrambler

The function of the software is to assist in analyzing multivariate data and form a

design of the experiment. One abilities of Unscrambler is to classify unknown samples

systematically.



Classification aims to find new sample similar to the categorization of samples that
have been used to create the model. If the new sample in accordance with a model that
has been created, it can be seen that sample category (Citrasari, 2015). Chemometrics
is multidisciplinary involving multivariate statistical mathematical modeling and
information technology. Multivariate analysis is statistical analysis that UY@ 1 the

of'the

data that consists of many variables, and between the correlated variabl
aohman et

method included in the analysis group is the principal component anal&
al., 2012)

Principal component analysis (PCA) is a technique for buildm;vwvanables that are

linear combinations of the original variables. The maxim 1ber of new variables
will be equal to the number of old variable and eacl em is ot related. The
Excess PCA which can eliminate the correlation, ndygeduce the n {Ybugmal

variables and more accurate than the use of ot metho S ( a.JY"}QOl’) The
N

working principle of PCA can be seen in Figune

o

Ddld &\ @ @mgs Scores
X \ o F IR

l
0 figd t an@nponen’t that is a linear combination of the

original variat e seff ot tl major components become the first pr incipal
component Awigly the greatest va@c in the data group, while the second main

componanchndiuuldl to the first principal component and have the next largest

technique works on the data matrix X (J x I) into two matrices T (I X A)

varia
and . P (J x A) that perpendicular to each other (Figure 2.9) (Kautsar, 2012) T
matrix called the matrix score that describes the variation in the object, while the
loading matrix describes the effect of loading on the main components. Loading

matrix composed of the original data in the new coordinate system (Nurcahyo, 2015).
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Error of the model forms expressed in E, while the value of A is the number of PCs
that are used to create the model (Kautsar, 2012). In matrix representation, the model

with a given number of components has the following equation:
X =TPT + E

(2.1)
Where 7 is the scores matrix, P the loadings matrix and £ the errorgm z The
combination of scores and loadings is the structured part of the datag}e pert that 1S
most informative, what remains is called error or residual, and repr the fraction
of variation that cannot be modeled well. Most of the chemo1%‘i publication 1s
using the same terminology to discuss the data of PCA. Frgm 1scrambler, it can

be concluded that 4 terminologies can be explained nam corc‘s plots, loading
: L
|
1. Scores plot P é
\ V
Scores also called component scores in PCA:agre jhe Yor RN t]@;tores of each
- sqedd for a given case

for a given factor, one takes the case's stldar ze I'To ?&,}3 variable, multiplies
vagiable #r the}iven factor, and sums
1

o Q-
these products. Scores are csllmatcN tlinear in@'&tthods where information
carried by several variables ig cOggchtratgd offo’ a underlying variables. Each
l
sample has a score along eachmogel comp ,‘1‘{8 cores show the locations of the

1t,\l cagN¢ used to detect sample patterns,

samples along each mod&N;ponh
]

groupings, similarities ¢ rencey

G) ¢

2. Loading plot >

&) v $
The plot shomggdge importance 0@@ different variables for the two components
specified. Mplc with loadings to the right in the loadings plot will be variables

components explain a large portion of the variance of X. The same is true for variables

in the same quadrant lying close to a straight line through the origin. Variables in

diagonolly opposed quadrant will have a tendency to be negatively correlated.
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In geometrical terms, a loading is the cosine of the angle between the variable and the
current PC: the smaller the angle (i.e. the higher the link between variable and EE),
the larger the loading. It also follows that loadings can range between —1 and +1. The

correlation r between two variables (vectors), x and y, is defined as,

Cov (xy)

r(x,y) = T \Y'(z.z)
O

Where. Cov is the covariance between x and y (Kong et al., 2007).
3. Explained Variances \;

The plot gives an indication of how much of the variatior tz da‘a is described by

the different components. Total residual variants are cOMaguted pssQe g4 of squares
~ . . . . ~

of the residuals for all the variables, divided by thefwguber de eis Qz’&‘-eedom,

Total explained variance is then computed as: 2 e

‘r 4
100*(Initial Variance — Residual W ce) \ Vq@&e)

It is the percentage of the original varianceml

model. % A?
>,
FIGURE 2.10: Total w-ned t/ari e C@e (Kong et al., 2007)
Co N

(@)
—
o

X-Variance
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Calibration variance is based on fitting the calibration data to the model. Validation
variance is computed by testing the model on data that were not used to build the
model. Based on the Figure 2.10, if they differ significantly, there is good reason to
question whether either the calibration data or the test data are truly representative.
The figure shows a sitution where the explained validation variance 1S mucvigilar

than the explained calibration variance. This means that the calibration well

fitted and the models also describe the new data well. But if the explaindy vagfance arc

not close together the model does not represent the data (Kong et al.,Q)l).

4. Influence V

erag‘e or Hotelling’s

The plot shows the Q-residual, X-variance or F-residual vs

T2 1t is most useful for detecting outliers, influential sampNeg an da ys outliers.

m(.e@x:tliers.

infld¢ntial. This

ntial samples

Samples with high residual variance, i.e. lying to the bthe plpt,
Sample with high leverage, i.e. lying to the rig
means that they attract the model so that it deagribg¥ th r. In

are not necessarily dangerous, if they @gg more ‘“average”

samples. A sample with both high res}tual and EKT %15 dangerous outlier
(Syahariza et al., 2005). o % d}

‘&
It is not well described by a moﬁxicl

C Troqly deQetibes most samples, sand it
distorts the model so as to % or destrl
focused on the difference &etwetn f

'1b .|w®1 means that the model then
Ry

(@]
2]
o
=

l 1cur;(§’dmple and the others, instead of
describing more genera@es meyf to a@nples (Hidaka and Liu, 2003).

TK l &
The difference betgmen $evepooaal 1{1({@) ing’s T is only a scaling factor but the

critical limit for % e it

limit is base assumption of a @tm—t distribution. Note that the F-residuals are

N
pn af&—hocrule whereas the Hotelling’s T" critical

available 10D calibration and validation. If the residual x-variance from validation

is mu .+ than for calibration one should investigate the residuals in more detail.
The Wddied residuals reflect the scheme chosen in the validation and may give a
more realistic view of the residuals than the Q-residuals which are only available for

calibration (Kong et al., 2007).
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2.5 Parameters for Analytical Methods Validation

Method validation is the practical process of determining the suitability of a method
for providing analytical data that is fit for the intended purpose. Method validation 1S

defined in ISO/IEC 17025:2005 as:

‘confirmation by examination and the provision of objective c)\‘I'(/(’ca at the
particular requirements for a specific intended use are fulfilled’ - s

For any method to produce meaningful and reliable data, some pcR)rmance checks

should be made before the method is applied to real samples Nlidation process
typically entails firstly understanding the reason the measufigQc ari being made and
the performance of the method that is required to pr ¢ dat t o fit for that

intended purpose. Secondly experiments are planne d Syalate the
performance of the method. The observed perfornMgge i

required performance of the method, and rcl(WS}
determine whether the performance is adeo@ he.a

validation that is undertaken will depend 0 ¢ inten

@ with the
g arc used to
eve assessment and

se (@he method and the

e

There are many performance charM @ially be investigated for a

1chQ'c liste 63'%! and described in more detail

in the following sections. Variq P‘K . O‘gpmeters are important depending

importance of the data produced (Al g

é‘
Y

=
- 2
= —
—
()
e
o]
= &

particular method, some of v

on the type of

measurements, so ch@ R 1.isti(;0) be investigated is a crucial part of the
validation pmccssQCc ¢ 'lu@oth precision and bias) may be important
for culculuting% t @ertics or analytes, for example, whereas
precision is Asigniﬁcant in co@ative studies. Random errors in the method are

reflected 'Nprccision of the results, whereas systematic errors (such as out-of-

madiocénd the reasons for making the

calibr
prepe 1) give rise to method bias. Working range will be of some interest in most
cases. For trace work, limits of detection (LoD) and quantification (LoQ) may be
relevant, but for planning calibration strategies it may be more useful to know the

range over which the method response is linear (Watson et al., 1987).
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TABLE 2.3: Parameters and Approaches to Consider in Assessing qPCR

Performance

Performance qPCR performance Experimental procedure

characteristic

Dynamic range  Range of sample concentrations over Dilution series from a known
which the assays remains linear concentration DNA analyzed

Repeatability Variability of result under closely Same measurement on n\
controlled conditions sample repeated by safge angtyst

Reproducibility ~ Variability of result under differing Same sample meaguremerit
conditions repeated by diﬂ‘e%lysis using

$dit

different instament$ different
laboratories or O time

Bias Consistent over-or underestimation of ~ Averag eaz red yalue of a
the true result referenc@® nifgerial «l)mpared to the
ass1® \d
B
Specificity Ability of the assay to detect the target A { h 3 vagpfe(¥ of
but not other potential analytes present @ Cljf se
in the sample powptive signdls Y-

c
o
<~}
B
=]
o
=

(o
o
o
(¢
&
Q
=
=
e.
=
o

Sensitivity The lowest amount of the target that is z::\s ned:&ﬁfﬁcreasing

(LoD / LoQ) detectable/reliably quantifiable c dil

The selectivity or specificity 1S thggabilitygt

and thoroughly with the & ‘011@ that@ be present in the sample matrix.
Selectivity can often bi\)l sge eé’)@(%f bias. The selectivity of the method

was determined bysgongbarige dRE r£u® of the analysis of samples containing
glt of

carrier place ith sample analy{ bsults without the addition of these materials

(Vessman \. 2001). Selectivity and specificity are often used synonymously;
' e n

L]
A‘o
2.5.1 Selectivity (Sensitivity) Y. ? $

N
contamination, e :snné\l compounds, other foreign compounds or

be termed the ultimate in selectivity as if a process is specific it is by

Lon Jholly selective. The selectivity of an analytical method may be affected by
many factors, including the presence of impurities, degraded components and possible
‘nhibitors or enhancers of the reaction, and physical parameters such as temperature,

ionic strength or pH (Brown, 2005).
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Poor selectivity of a reaction indicates that other substances can interfere with the
analysis, and selectivity may change as assay conditions are altered. For example, a
PCR at the optimized annealing temperature will produce a single, specific
amplification product but, if the annealing temperature is changed and the reaction
made less stringent, multiple non-specific products may be generated. In clinical

diagnostics the sele ctivity of an assay is often reported, and 1s calgula&is the

percentage of true negative results obtained in testing a number of k 3

<&

samples (Sambrook et al., 1989).

2.5.2 Limit of Detection (Sensitivity) z
It should be noted that the biological definition of sengitivi gl anﬁs.hom

the 1SO chemical definition. Detection limit t 10 ogDy S Olls@llt and

confusing, so it is important to try and follow 1ﬁ sec guu Jmes where
available. In most biological analysis, sensm\ ﬁ‘de west level of
an analyte that can be measured. Howevel. < outsl m:al analysis the

term ‘sensitivity” has different definition O, 2008, T &X
o : ; S
For example, in chemical analysis, & S ed as ‘the change in the

response of a measuring mstlm 1\/1‘ed the 11(,spondmg3 change in the
‘ i ) : l
stimulus (1SO, 1993). In clml 11ca 1S 1}&1@/ again has a slightly different
meaning, and is often C\p&was tlle ntdg,él’tcsts that give the correct positive
=1

result in testing a nun
quantitative assay *;9 ’ tj?(LoD) which is the lowest amount of a
target which ce k ' tL@ﬂd distinguished from zero results and

4
background, si gwnh Lonhdenwjn.e second is the limit of quantification (LoQ),

Siti’ Often two limits are defined for a

which is tl \Lst concentration o}analytc that can be quantitatively measured with

an accan™L cvel of uncertainty (Lovatt, 2002).

practicA¥ there are several ways of determining the sensitivity of a method. In
qualitative analy sis the analyte is typically diluted serially until it can no longer be
detected reliably using the method (usually once the percentage detection falls below a

specific level. often 95 or 100%) (Drosten et al., 2001).
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A variety of approaches is used in quantitative determinations, but most approaches
use the result of repeated analysis of a negative sample or zero calibrator (a sample
known not to contain the analyte of interest). The zero calibrator is analysed between
10 and 20 times, and the mean and standard deviation of the data obtained. Usually

the limit of detecting, or analytical sensitivity, is set as the mean signal +2

deviations while the limit of quantification is set as the mean +10 standay
In quantitative PCR analysis, for example, where negative result&
meaningful value, the definition of LoD and LoQ is more difficulfy,Onc developed
approach is to define the LoD as the input analyte level giving (fozﬁxample) 95%
probability of a positive PCR result, calculated using probitv sion analysis of

dilution series data (Drosten et al., 2001). Sensitivity can b >ssgid in many ways
depending on the assays, for example: \d
L

| ‘ I8 | S
Number of cells per mass of matrix that is detecta®g 2 -

Percentage of adulterant in a matrix that is dctm: \ Y.\’
Mass of DNA required for reliable qualit:e'Nlly 1S
4 Amount or copy number of gene, gcxm r DN

(] ‘O

0 rangg ek nal)@evels and sample masses
: N ) .

de¥ ta@nrget within a given sample

dple if 100 microbial cells can be

=1

[§S]

I

>

volume or mass (Madej, 1991).

Sensitivity should be assessed acr

that may be routinely used, g thy’ratio

cannot always be linearly extra

detected in 1 gram of SUV&X‘R. I ma@t be detected if only 0.1 g of soil is
tested. Sensitivity 18 OENCtCI' ni‘n Inc '@Yon of the lower operating limits of the
test method such agmyepdcatefl segugnce ¢yexperiments on low Jevel samples, blanks

NS
and low-level s I Matenfads :;tand&is. Therefore, the results of an analysis are

often close t lower opcratin@ht to perform regular assessment of the LoD.

This ensur t negative results are being interpreted and reported correctly with

detection or quantification limit of the method (Persing and Tenover,
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2.5.3 Efficiency

In kinetic real time PCR each individual reaction position is excited and detected
independently based on the fluorescence history. The former shapes of amplification
curves differ in the steepness of any increasing fluorescence and in the absolute

fluorescence levels at plateau depending on background fluorescence lev e\xﬂe 5CR

efficiency has a major impact on the fluorescence history and the a % :
oq\wx

of the
calculated expression result and is critically influenced by PCR reactiomwemponents.
Efficiency evaluation is an essential marker in real-time gene quannRatlon procedure

(Liu and Saint, 2002a; 2002b; Rasmussen et al., 2001; TlChOpa(N 2003a; 2003b;

2004). The condition of amplification efficiency in all cor Sdl 1ples must be in
constant state because it is one of crucial factors for n between
samples. The factors also become crucially importantfgom anallyz 1e 1el@'€msh1p

between an unknown sample (DNA) and a standar iple, wh h T§ per %ﬁmed in all
N

\ g

ati f unknowns, and

st w which known DNA
A

standards reach a specified ﬂuorgs en t rejold t cons@ct a standard curve of

Q-

crossing threshold against target As ’ &he reaction efficiency is

\

determined from the slope ot th hdar@ cu ( @re 2.6). The threshold level

relative quantification models (Atlas et al., 2006)

The threshold method is most commonly hthe qu

as illustrated in Figure 2.6 utilizes mfm ation' fr T

should be set in the exponel

calculate an optimal lc& mg.l
subjective and may alsagtrddu

are that the method

1ase 3138 qcation, and most instruments

,1 mg, the level is possible, but is

parameters of thg gfa i iba@mtagcs are that the dilution series used to

construct thc@
efficiency mONgonstant in the exponential phase of the reaction 1s not always valid
'%%

ard curve 18 prong errors, and the assumption that the reaction

(Rasm >t al., 2001).

The oveXome the problems in using dilution series, alternative methods based on
estimating the amplification efficiency from single reactions have been developed

(Wittwer and Garling, 1991).
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The rate of change of fluorescent signal within a single reaction may be monitored,
ideally within the linear phase of signal increase, to determine the efficiency of each
reaction. The second derivative maximum option in the Applied Biosystem
StepOnePlus software similarly calculate the maximum rate of change of the signal in
the reaction, and utilizes the peak to determine the fluorescence at the max} nd
hence the initial number of copies in the reaction (Wittwer and Garling N; The
PCR process generates anywhere between an average of 0 to 1 copy @arget in

cach reaction cycle, so that for any cycle the number of molecule is: Y.
Ne = Neo X (E +1)° Y

Where N¢ is the number of molecules at cycle N, N¢g 1 n 1b¢’iﬁolecules at

cycle 0, E is efficiency of the reaction and C is the cyclg nunier. ak1 ssu@ptions

arly gkp nliq@lges of
n 1‘? ; modedules at the

.esh‘)I vel, J@E.the equation
may be simplified to allow determinatim\% reactl ﬁcé‘y (Birren et al.,

1997), % >\y? 9

that the efficiency of the amplification is constant i
the reaction, and that all standards possess the sa

point at which their signal crosses the determitgd

(2.4)

The number of molecules at t be determined from the
standard curve (Muller et al 420

(2.5)
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