CHAPTER I1

LITERATURE REVIEW

2.0 DETERMINATION OF OIL QUALITY
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matcré ¥ss production of breads and cakes. Morcover, in food industry, 1t still

serves as an important ingredient in the formulation of some food products.




[n determining the quality of oil, the particular o1l must be resistance from

oxidation. The resistance of o1l to oxidize 1s known as the oxidative stability (Guillen

and Cabo, 2002). It can be expressed as the period of time necessary to attainghe

critical pomnt of oxidation i terms of sensorial change or a sudden m.uh,mn(cw

Rancidity has always been associated with changes that lead %‘]dtﬁlldhh

oxidative process (Silva et al., 2001).
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compositions can be the predictor for initial oxidation state or quality of the vegetable

oils. However. the fatty acid composition might not be an appreciable contribution 1n

determining the oxidative stability of the vege




facilitated (1e; fry at high temperature or storing for long time after opening the oil’s
bottle). Unsaturated otl will oxidize more quickly than less unsaturated oil. Soybean,
safflower or sunflower o1l (10dine values more than 130) stored in the dark had a

N
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significantly (P < 0.05) shorter induction period than coconut or palm ki

whose 10dine value 1s less than 20 (Tan et al., 2002). Meanwhile, high ol cassd
stearic oils from gene silencing of the oilseeds or hydrogenated so_yi? nvoil had

higher autoxidative stability (Liu et al., 2002). V

2.1.2  Storage Temperature and Light

Ultraviolet (UV) lLight as well as wvisible
autoxidation process by triggering the hydrgod
formation of alkyl radicals (Choe and N]il( 20006)

trans- ancthole had completely ox1dise g 'sald@h}-'d |

o
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room temperature under hight (Misl nd

that the effect of light on o1l

increases (Velasco and D

centration and type of oxygen affect the oxidation of oils. Oxygen
concentrattgn has a high impact upon the oxidation. The rate of oxidation will be

affected by the concentration of dissolved oxygen and oxygen transmission rate

(Kanavouras ct al., 2000).




At high temperature, the oxygen concentration on the oxidation of oil
increased i the presence of light and metals. It is reported that higher oxygen
dependence of o1l oxidation at high storage temperature is due to low oxvyeen
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solubility i the o1l at high temperature (Andersson, 1998).
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METHODS OF DETECTION FOR ADULTERANTS

[ ]

2.2.1 Difterential Scanning Calorimetry (DSC)

ranging from vartous fields such as i pharmaccutic

ana lS.(DTA).
' A)Dil'ﬁ:rcn[iul
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metals and foods. The technique includes difw

dielectric thermal analysis (DEA), thcrmonwcwamml}/sis

Scanning Calorimetry (DSC). \T
% f 9
[n the study done by Marina EN__O 9
1] K"()) *

mﬁ‘é.i the adulteration of
S

N

virgin coconut with palm kerne W (SBO). They spiked the

virgin coconut o1l with PKO 4

%1

0/ t¢ % (w/w) separately. Using

DSC, they managed to de

L)ﬁoil. The results show that PKO

NeratiQp peak but demonstrated a gradual

N

ermic peak.

adulterated o1l did 1

the experm®ent done by Mansor et al. (2012), there was one major endothermic peak

with a smaller shoulder peak that gradually smoothed out to the major peak as the

percentage of lard increased during heating of the thermogram of the muxture.




Meanwhile, durmng the cooling phase, there was one minor peak and two major
exothermic peaks which mcreased as percentage of lard increased and another peak

which decreased mn size as the percentage of lard increased. Moreover, both melting

cross contamination caused by lard ranging 11-0111% Cn\ccnnéz; in the

mixture containing beef tallow and chicken \i i!narcsult e C @'Cd that the

2.2.2  Nuclear Magnetic R&\cc (111\
| - \ ¢
Nucleal 11111;11011%1 1ange 1t

S | c’lmi&f& used to determine the compound
structure. It 1s able Q :u ity ghe ¢ }0“ l@ogcn network n the compound. NMR

has many advoaga®s although 1t 1s @Vscnsilivc than HPLC, GC and capillary

clectrophoresis: IR 1s non-destructive, selective and capable of simultancous

detectypn oge oreat number of molecular mass components i a complex mixture.

Morcover, the sample preparation is simpler and less time consuming.
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NMR can be used to detect trans Fatty Acid in Virgin olive oil. (Sachi et al.,
1998). The purity index for virgin olive oils is according to the absentees of trans fatty
acids, meanwhile refined olive and olive pomace oils contain detectable ™ of

1%\3 anetic

resonance (NMR) spectroscopy coupled with mass spectroscopy (MS) h® been used

oleyl, lmoleyl and linolenyl trans isomers. High resolution nug

-

to characterize food products and detects possible adulteratiog in Wit juices, wine

and olive o1l (Ogrinc et al., 2003).

There were also research done by Dais et al.
Spectroscopy may be used in determining the quy

extra virgin olive oil. The method 1s based

hydrogens of functional groups, of olive oijgeorn

chloro- 4, 4, 5, 5-tetramethyldioxaphospho®ye ai

to 1dentity the phosphitylated compog s)

Used frying o1l 1s adde
unscrupulous traders to se

commercial o1l remaghs of 1ts health and comnwrcial

' a}lm\g -‘*(n!udc: a research which focused on using

perspectives. Qing

the Low Field l{‘&‘{nncc to discriminate the adulteration of

commercial ®m

N

heanut, mpcsucdg@l.so}'lwun oil with two kinds of used frying o1l.

\

censor Electronic Nose

Ilectric nose were designed to mimic the mammalian olfactory system with

the advantage of repeatable measurement, allowing identification and classtfication of
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aroma muxtures (Davide et al., 1995). The system consists of multi sensor array, an

information processing unit, software with digital pattern recognition algorithm as

well as reference library database (Hatfield et al., 1994). Y'

Hair and Wang (2006) used electric nose to detect maize oil 4 !ulaalion In

camellia seed o1l and sesame oil. However, the PCA result showe 1t cannot be

W ,n be used for

used to discriminate the adulteration of camellia seed oil

netyork) model, the

f o1l but 1t 18

adulteration. The adulteration peaks \e ‘¢ 1dentif

chromatogram profile. The electrig pascd'on t 7 wave sensor, was used

to generate a pattern of volatile mple. Principal component

analysis (PCA) was used t

PCA provided good di&Nmim‘

by PCI and 17 % oy

ﬁk and adulterated samples. The

1 74 9% of the variation accounted

ot the adulterate

IFluorescent spectroscopy has the advantages of having high sensitivity and

selectivity. Thus, it may be used to investigate real time structure and dynamics in
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solution as well as under microscopes. It works by measuring the intensity of photons
that bemg emitted from sample after it has absorbed photons.

[n the paper written by Poulli et al. (2006), they managed to dem%qtc the

potential of total synchronous fluorescence (TSyF) spectra to differemi,.s ¢ viggin olive
otl from sunflower oil and synchronous fluorescence (SyF) spectymsggnbined with
multivariate analysis. The spectrum was acquired by vaw the excitation

- nggl 1N

wavelength i the region 270 until 720 nm while the wav

L

ifr\'ul was 1n the

Wr @ntlower n

| %lenglh

43'

COpEfQin detecting the

nce& ons which are 0. 5, 10, 13,

20. 30 and 40 %. The 2- a1

}tl i? tlu

ore
theorescence spectra and fatty acid

P1C N

gas chromatography w
profile based on th feautirated fatty acid and unsaturated fatty
acids, and also ¥Cs which are tryptophan, tocopherols and

spectroscopy was able to detect up to
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2.2.5 Fourier Transtorm Infrared (FTIR) Spectroscopy

FTIR spectroscopy works according to Beer’s law which stated that the

tensities of the bands in the spectrum are proportional to the concemr% { the

corresponding samples (Vlanchos et al., 2006). Over the years in the 1“'51(; E)fats and

oils, FTIR spectroscopy has received great attention in quantitativ ys1s because

1e easy sample

zieiaL‘EOIO)

Pl 1t LM&SC#M the

| &
animal ffatS (Cle"\ﬂan and

’ O
Mirghant, 2001), cake formulation (Syahariza e®l. Nd chgc‘lﬂtc products

(Che Man et al., 2005). FTIR has been \d\ Cd ImaSe M hes i&Qluding vegetable

o1l. For mstance i the authentication @t virgin O '-égul., [995) and extra

virgin olive o1l (Alam and Hamid,

spectroscopy for the detection ¢

Virgin Ohive O1l, Soy&\n, al

? cl\@h lard and vegetable oi1ls were observed at
<] z : . : : : =
097 cm cor*@éndmg to C-H bending wvibration and C-H

1\[}1‘;1&0115 of fatty acids. According to Bendini ct al. (2007), in fats and
| Of the peaks and shoulders of spectrum indicates specitic functional groups.
Since the maimn components of both lard and vegetable o1l are triglycerides, thus, then

| S

spectra look very similar. However, duc to the fingerprint technique (no two
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compounds having the same spectra in terms of amount and intensity of peak) FTIR

spectroscopy can be used to extract difference among these oils.

Che Man et al. (201 1a) used FTIR spectroscopy to detect the pre e*if iald

in French fries pre-fried in palm o1l adulterated with lard. The result s&i hat the

. : . . - =1 .
spectra of palm o1l and lard were ditferent at frequency 3006 cm e frequency

region of 1120-1095¢m™". They exhibit a shoulder band at SOOGM was associated

Luzn m'ld Cabo. 1997).

with the stretching vibration of cis olefinic double bonds

The results also showed that lard contained linolenic % oroups N IcgMs much as
"
palm o1l which were later reflected in the spectrum & Wrd begpus h"q de at

ox'egy' was also
md&d height will

- o ol
frequency 3006cm  was observed compared to

found that as the ratio of lard in palm o1l wgs 1

also gradually increased.

@]LHULHUOH of szrd/a

&

ah et al. (2011b) prepared

oil in the concentration ranges

7 011} d g
NS FT

the bllmlv mixtures of NNLH

of 0.5 %- 60 % (v/v [&MOU
Mn‘w

Spectra appear quite similar, there

were actually som

1750cm™ — 1700k serywthat Nigella sativa o1l has two sharp peaks
n 1744 cm :w W llc\f:glpc secd o1l has only one peak at 1744 cm

-'\vcrc associated with carbonyl (C=0) stretching vibration (Rohman and

710 cm™

These p

Ch
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2.2.6  Gas Chromatography (GC)

Currently, chromatographic techniques such as gas chromatography-mass

spectrometry (GS-MS) (Park et al., 2010) gradually become the most im&z and

common techniques to detect adulteration. According to Xie et al. (2013& G@MS 1s a

common tool tor the analysis of separation of fatty acids and stcrols.Y-

Gas chromatography equipped with flame 1onization JYVW’:AS used 1 the
experiment to detect the adulteration of olive oil with rcRtrNly clgap qil such as

'e\'g% if?e.\' n

the two samples of adulterated oil were signifi® | ( @Y) when
compared to the reference (genuine) olive oi%
fatty acid (FA) profiles mn the two Samp\

linolenic acids but significantly lower ;qw for

Seo et al. (2010) performk

corn o1l i adulterated sesamae o1N1 he

4

w
thodzmhowed that

uncéc ot linoleic and

'{Pui et al.. 2009).

“
g & i@cmion and detection of

lcn@itions were determine using

(‘j.bntcnl of palmitic, linoleic and

rate of corn o1l was increased, while

ecting adulteration of camellia seeds
a seed oil with different compositions of eight
(particularly the oleic acid content) with different levels of adulteration
at 1,2, 3.4, 5,10, 15, 20, 35, 45 and 50 %. Later, all samples were esterified
and analyzed using GC-MS. The result showed that oleic acid (C18:1) and linoleic

acids (C18:2) were the predominant fatty acids in all oils samples. Higher oleic acids
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were found m camellia seed oil (78.19 %-85.63 %) than in soybean oils (23.88 %-

27.69 %). As for the linoleic acid, soybean oil contain higher value (50.60 %- 52.23

%) compared to camellia seed o1l (6.53 %- 9.49 %).

Headspace analysis 1s normally defined as vapoy- }JT\MBLUOI] which

g\]?ﬂhaw and

pected tpat t .«.11) 1as¢

d )Iid ple and
\Jm

involve the partitioning of analytes between a non vol

the vapor phase above the liquid or solid. It 1s also

mixture contams less components than the usual com

%EOO

this mixture 1s transferred to a GC (Snow and

¢ ld N hde"ﬁPdLL IIS GC
-

d i 11, & fﬂﬂl that has a gas volume

consist of two steps. Firstly, the sa

be

above 1t. Later this vial wi

e vial(s Xas phase will be mtroduced nto

1t iléﬁd ¢ column to be analyse. A newer

reach the equilibrium. Thgg, an

the carrier gas sluanQ

technique such asagoOTidphas

annl{l&.

¢ technique 1s a %&?linuous method of gas extraction and scparated

ess of the diluted headspace gas. The

separate the

dynamic h\

the volagtesd®®mponents from the matrix by continuous flow of an inert gas above the

1t 1s known as purge and trap (Kolb and Ettre, 2006).

One of the main advantages of using headspace method 1s the speed of the

analysis since no prior sample preparation steps are required. and the simplicity of the
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measuring process. When coupling a headspace sampler to a mass spectrometer (HS-

MS), 1t 1s able to recognise complex mixture of volatile compounds, without the

associated with gas sensors (Zubritsky, 2000). T
Morales et al. (1994) did a research on determining the volatile ﬁn v;km olive

b

o1l by using dynamic headspace gas chromatography. It has vantage ot

-

concentrating sample which will make it possible to detect™Wgypounds that are

O Re {]
focu 'nWO capillary
@
as ¢ gy virg!

present but at low concentration but contribute significant T.four. Tenax TA

was used as adsorbent material, thermal desorption an

olive o1l showed the presence of 100 components\

work. The volatiles 1dentified Conc.sponde

telQnd 2 furans.

hydrocarbons, 9 alcohols, 9 aldehydes, 9 ke

sampler to a mass spectrometegdor ®tiomyof 12@ rants in olive o1l using the

mlqw., They pertormed the

adull,é(ed olive oi1l/ adulterated olive oil,

bg:}oil adulterated with olive-pomace oil,

application of the linear

experiment for three K\t taslls

\ 01)/0

y

adulterated with suntlower oil/olive o1l

' "l

flvC- ponn J\?'l esult showed that this method has been very

classification ta~,k5 addressed, thus it might be used as a screening

Pena et al. (2005) develop an analytical method to detect adulteration of virgin

olive oils and olive oils with hazelnut oil by a headspace autosampler directly coupled



18

to a mass spectrometer. The end result showed that a minimum adulteration level of 7

% and 15 % can be detected in refined and virgin olive oil respectively.

Headspace analyzer could also be used for the identification of p \E halal

authentication. Nurjuliana et al. (2011) study the aroma ploillmﬂ' ar %uty th

components that contribute to the flavour of pork by employing g omatography

mass spectrometer with headspace analyzer. The result showed w re were a total

Hg : Thia majority of the

dehydes as

of 43 volatile components of porks identified by the GC-

ctones.

onta 21. 1igher

m
lmhldl (1994)

that aldehydes are the major components 1dNg _ milcQ[ cooked pork.

between the wvolatile

HS-SPME-GC-MS could

mlci

exanal, E-2 heptanal, E-2

, i
I]‘l()j}l!lﬁ& compounds in differentiating

t'- SOn., 7 ._)

&
P
Y

), they did a preliminary mvestigation to
u,é‘ol flavours between three types of pure

compound of sunflower o1l an

[n the study

examine and c k

vegetable Ald lwo types of ilwat ed oils using HS-GC x GC ~TOF/MS. They

detected \Lmh. profile of three types of pure vegetables oils and two adulterated

different levels of adulterations 5 %, 10 %, 30 %, 50 %, 70 % and 90 % respectively.
They identified 30 common volatile components of the flavour among the three types

of vegetable oils such as aldchydes, alcohols, ketones, acids, esters and hydrocarbon.,
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heterocyclic compounds and benzene rings. Meanwhile, in soybean oil, the main
volatile compound was E-2-penten-1-0l and E, E-2-4-hexadienal while no particular

tflavour was obtaimed from peanut oil compared with another two oil samples.

2ed PROFILING

2.3.1 RBD Palm O1l Profiling

all s normally

D)

The colour of refined, bleached and deodorizec

temperature where the o1l began to smoke g

1t cz(
l@\mﬂ temperature

11s tend to break down

and reheating. The higher the smoke point

is about 360 “F (180 “C). During this

7 (225 °C), well above

or polymerized quickly. Palm o1l ™&Q™

normal frying temperatures nal\z It an | yln@; Palm o1l has relatively high

’
&

(Z,E.

N
'mzl «{‘gy (2011), they analyzed for different

melting point (Fife, 7007

*&J\tunzcd RBD palm o1l and partially

result for texturized RBD palm oi1l, 1t were

{—,

reportedagidgc moisture and volatile matter was 0.04, the 10dine value was 49.61,

Using GC-MS, Dirinck et al. (1977), were able to examine the volatile trace

constituents isolated from palm oil. The result showed that trans-2-octenal, n-nonanal,
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truns-2-decenal, trans-2-undcenal, b-ionone, cis-2.4-decadienal and trans 2.4-

decadienal as important contributors to palm oil.

Nor et al. (2007) did a research on the changes of headspzﬂe\%latile
constituents ot palm olein, soybean oil, corn oil and sunflower oil whilamfrom 2

hours to 40 hours. They found that in palm olein, the 2t, 4t-dgeadicnal content

f frying while

decreased from 15.9 ug g" (2 hours) to 3.2 ng g" after 40 W

I

40 hours of frying.

nw le towards

o
itent @f lin le’c & » Palm

. I T i > -1 . _
hexanal creased from 11.3 pg g (2 hours) to 33.8 ug & at

The low number of hexanal content indicated that paln N wa

degradation at higher temperature because of the low

that could be the

of deep fried French

stic and the volatile

erforn

V.

compounds. 32 hours frymn 3 d oft s
alm

rapeseed oil, high olciL&Q
deep frying, E, k- NL

rh. They found that after 3 hours of

al showed the ability to differentiate

while E, E,2, 4-heptadienal and E, 2-

1

between sample xigntl L$
decenal sho\:&siliw CC l‘cl;{ionmth well known lipid oxidation parameters.

A \ ct al. (2010) investigate the effect of frying media and storage time on

experiments were conducted at 180 °C for 5 days. The result for fatty acids analysis
showed a decreased in linolenic (C18:3) and linoleic acids (C18:2), while the value

for palmitic acid (C16:0) increased when the heating time was prolonged for palm
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olem. Moreover, there was a significant difference (p< 0.05) in terms of IV for each

[rying oil during the 5 days of heating.

2.3.2  Lard Profiling

wz Tacylglycerols

Animal fat such as lard and vegetable oils were compo

(TAG), diacylglycerols (DAG), free fatty acids and other n 'novponents including

' \."C ks

cording to

Andrikopolous ct al. (2002), the main classes

Theretore, Rohman et al. h lLiquid

Ing

w

rentiate the

Ql 10

e

a@[tom chicken fat

-

Dahimi et al. (2043) 1 jas Chromatography with Flame

[on1zation Detector ( &)

lard at very low

u
vith Zdsmometrics techniques to differentiate

that lard cont;

Y
acid (C16 the result was op]ﬁialc for beef tallow and chicken fats.

» majority of the compounds are well known lipid oxidation products

incle  ketones, aldehydes as well as alcohols. Whereas the most detected

compounds were aldehydes and ketones. It was reported that almost all the aldehydes

present in pork such as heptanal and nonanal are oxidation products of oleic acid and
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lmolerc acids which were the most abundant unsaturated fatty acids of pork. (Meinert,
et al., 2007). The result obtained also showed that the volatile profile of pork
contamed a higher proportion of heptanal, which correlated with the ex[)el'illwvlle

by Shahidi (1997) that aldehydes are the major components identified il%\latileb

of cooked pork.

b ¥

Xu et al. (2012) 1dentified a total of 44 volatile compoMgspn oxidised lard

tozs, 6'hydr0carbons, 3
IIW[ aroup of

Al 2 =

| —

which 13 comprised trom aldehydes, 6 acids, 9 alcohols, 6

esters and | furan. Moreover, they found that aldehy WETe

undecenal, (E) - ocetenal, nonanal, octanal, (I_Yb

heptenal were predominant in oxidised lard. glMwger., Lm] e

HenalNghd (E)- 2-

T
. (12< identified that

1 th@eatcd beet at high

S Qﬁrd (ENL and TCL),

&

s. Hexanal 1s a typical

1s
4
hexanal was one of the main N e ox1d0 prod

oxidation volatile from lingteic g 1d whi,h q

!

10 ‘ ilg
JOS@T(J volatile oxidation of linoleic acid 1s (E)- 2-
S
1al, (I

¢ ¢t al., 2007). Nonanal, (E)- 2- decenal and 2- undecenal has positive

1-1 .h-l

e

ic acid (Machiel, 2004). At low concentration, these alkanals are important
since they contribute to pleasant fruity aroma. However, at high concentration, they

will produce sharp and pungent attributes (Paleari et al., 2006). Jelen at al. (2000)
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reported that the fatty acid composition in oil will greatly influenced the production of

volatile composition compounds.

Xu et al. (2012) detected two most abundant alcohols in lard \\K Iiare | -
) hand the

in the two

octanol and 1-octen- 3- ol. l-octen- 3- ol is generated from linolei

contributor to the off- flavour. 2- pentyl furan was the only furan

lard sources and 1s a product from linoleic acid.

Fatty acid methyl esters (FAME) profiles may bej to Qiscriminatc lard

: ‘Wh%l' gas
O
((!C‘E\IGB)F-MS)

_ %—wax), the

const'{tuents are methyl

O

-Ajcosatrienoate (C20:3

from other ammmal fats. In the study done Indrasti aly (20

chromatography hyphenated with time- of- flight4 spectrome

combine with two different microbore columm (S D\Q

)

differentiation of lard from other animal fa

n3t) and methyl 11,14-c1cosadicno: 0: vineR ar present in other animal

or plant fats.

2.4 PRINCIPLE C(@El "
2.4.1 Introducy %
Q( fv/s

Princﬁ ¢ Momponents analywyy’ used a statistical technique to transform an

ortginal th of variables into a smaller set on uncorrelated variables. It has the

ab1 epresent most of the information in the original data set. The technique has
been®eed to wide area such as biology, medicine, chemistry, meteorology geology

and social science. Principal components analysis 1s similar to other multivariate

procedures like discriminant analysis and canonical correlation analysis. Both of them
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mvolve limear combmations of correlated variables which variables weights in the

lincar combmation that derived on the basis of maximizing some statistical property.

g
iﬁ

PCA 1s a chemometrics method for the decomposition gf tw§-way matrices.

2.4.2 Mathematical Description of PCA

The variance 1n the data matrix X, with m obser\'aimw n variables, 1s
")'lhat apture the
| ®

S1WPN A C@ mmatc

/
ing. Each

R

! 2C Oliéuzh variable 1s
uix@ﬁﬁt to moving the

A

'oﬁﬁcr a function 1s fitted
N
- -
anmiﬁt the observations in the
S
S
F 4 )
N mfmé

| .IOne(ﬁgﬂiing value 1s given for each variable

ﬁlS@'Cll calculated, the remaining unexplamned

decomposed by successively estimating principal comjagsits

observation 1n this space 1s represented by :«.w

then calculated and subtracted (mean ™y ‘riQ ). This 1}
swarm of points to the centre of the ¢ \ h
to the data that describes as close

"ll‘

X-space where 1t 1s call first PC.

The mfluence ofgg: yilue) 1s determine by the angle

between the line andw iria
in the data set (p QFE l:, 1 thgffirs

1

i

N
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X=tp; +tp2’+...+t,p," +E

The second PC 1s orthogonal to the first. More PCs can be calculated zlsv.as

unexplamed mformation 1s left. The significant number of principal corgaa¥ts can

be estimated by different methods, of which cross validation is an often—L&d method.

The variance of a principal component is described by the ?fgenz [ue, which 1s

\%
NY.

o
| &

- the sum

proportional to the variance explained by a PC.

vector 1s proportional to the Tmplrtance B+
the vartance i X that i@nc
\ ’

where ¢,,, 1s the score of objccvr cinp '

4

by
&
‘é\
N



