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CHAPTER III

PHYSICOCHEMICAL CHARACTERISTIC OF LARD ADULTERATION IN
RBD PALM OIL

3.0 INTRODUCTION :

Malaysia 1s one of the exporters of palm oil and it is N] d 1n more than

150 countries (Lai, 2005). The special characteristic of ha
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Double- fractionated palm olein or superolein has an iodine value between 60
and 07. It comprise of high content of oleic acid (C18: 1), palmitic (C16: 0) as well as
limoleic acids (C18: 2). Super olein will becomes cloudy and tend to crystall?ﬂfhen

%\1 several

technical charactenstics that are desirable in food applications, such as Yesistance to

the temperature 1s lower than its melting point. Since palm olein cg

oxidation, thus may mcrease the shelf life of end products. Moggove® palm olein also

L amd has a favourable
n Co%ophero]s In

<D | FIS
4

Deep fat frying will result in desirable mdw

does not emit undesirable odors, does not contain linolei

nutritional composition for being free of trans fatty :

1ts composition.

av(;%n:z:)mpounds,

1ed @and nutritional
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d0ods ‘;Sﬁ'ng storage. During frying,
S
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and péQ{crizalion of the o1l.
NS
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changes the flavour stability, quality, COIOGMQN uﬁ off
| ng _({anlude hydrolysis.
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3.1 MATERIALS AND METHODS

\Y'

3.1.1 Matenals c
Fresh Refined Bleach Deodorized (RBD) Palm oil and sample 0¥ ®ic’s adipose

Gws Zﬂ)ilan. Adipose

tissue were purchased from a local supermarket at Nilai, Neggri

: 0 . v
tissues were stored at -20 "C prior to the analysis.

3.1.2 Sample Preparation

| &

In a ,Eo_ ventional

w
n&ﬁﬁnd Che Man

th@h Whatman filter

c;p\ﬁ.ve the water content.
@cr in a refrigerator until

1 lard at various percentages

(0 %, 15 % and 30 %) n " 1‘3)22/ T spiking lard in the fresh RBD
palm o1l was to act a 1o enagiate recycle RBD palm o1l that might

. . | w . ; e Q
J—\Alcmlcd o1ls \\'cru\@ucd at 3 different temperatures (120 "C, 180 "C

using a digital hotplate (Daihan, Korea) with a controlled temperature

3.1.3 l]culi%k

cooled to room temperature before kept in a tightly closed and seal universal bottles

a refrigerator until further analysis.
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3.1.4 Measurement of Iodine value (IV)

0.04 g samples were weight to the nearest 0.0001 g in the glass weighing

scoop. The scoop was placed mm a 500 ml flask. 20 ml of cyclohexane waw to

dissolve the fat. Exactly 25 ml of Wis solution was added. The ﬂa_% f&

gently before being placed i dark for 1 hour. After standing, 20 - potassium

10dide solution and 100 ml of water were added into the flask. q 1¢ solution was

%ue to 10odine has

w 'the titration was

titrated with sodium thiosulphate solution until the yellow

disappeared. 1 to 2 ml of starch indicator solution wa
continued until the blue colour just disappeared af

determinations on the same test sample were Ct

simultancously carried out under the same co 1ditig S (P

The lodine Value (IV) 1s given by:

l[odine value

\V]]CI'C; N
I’rj

'&\cxucqno aa
\hc odumd il mg

+ folén%% millilitres of the sodium thiosuphate solution
used for thgd?tm'minations.

1s the weight 1in grams of the test portion.
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3.1.5 Measurement of Peroxide Value (PV)

2 to 5 grams of sample was weight into 250 ml flask. Then, 30 ml of the acetic

acid-chlorotorm was added. The flask was swirled until the sample dlssosz the
solution. 0.5 ml of saturated potassium 1odide was added using gladuatﬂ Dtte The

solution was later swirled for I minute before being added with Tof distilled

water. Later, 1t was titrated with 0.01 N sodium thlosulphatu 1. The titration

W zon the chloroform
w lour just

disappear. The blank test was carried out parallel a3l We detgrmy tlJn@)RlM

was continued until ncar the end point to liberate all the 1

layer. The thiosulphate solution was added dropwise e

Test Method, 199)5).

The peroxide value (PV) 1s given by:

PV = (V,-V,

S
is 111CCRD if

1€ 011
|
1

M&Nhly l~1
_ ; no'm&
ank \1

\A 1s the wcighm crams of the test portion
05 N 1s the normality of the sodium thiosulphate solution

Where V.

ders of the sodium thiosulphate solution
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3.1.6 Colour Intensity

Colour was measured using the Lovibond tintometer. (Labscan X

lab). O1l samples were taken 1n a cuvette and were placed in the prove' m ce 1In
tintometer . The hunter colour scale parameters which are rednes&kwness and
lightness were used to estimate colour changes during frying as%ction of the

process variables (o1l temperature, heating time, percentage X1). The dominant

@prcsscd n
Y

c})s

factor i this measurement was the red colour. Then. th

[ .ovibond colour units.

e

3.1.7 Statistical analysis

N
pongpts a

g
W 1@?1: (PCA) was

Unsupervised multivariate analysis,

(X10.3) version.
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3.2 RESULTS AND DISCUSSION

When subjected to repeat heating, many properties of oil’s cha S t1C

features were exhibited with respect to different range of heating TGll%\@S and

time of heating. Since vegetable oils consist of mono unsaturated falﬂ&s (MUFA)

and poly unsaturated fatty acids (PUFA), these compounds begim§¢o degrade and

produce various oxidation products. Raw data for sample a

3.2.1 lodine Value (1V)

During Wijs reaction, 1odine wilm witQ theggWatugaltd fatty acids which
'UD\fahle of 1@ine 1

anber indicates that high

“ Q-
> (A S a1 ] . Thg‘éfore, 1odine value can be

=
oyt of ugsatu)f tdd@y acid present (Gopinath et al.,
I 4 N
2009). As heating time x\pro 01
in M™

ﬂmpé thowed a decreased 1in the amount
of 1odine valuc as &4gown

* l.@cording to Cuesta et al. (1991), the
T .
decreased of 10gme v@luce ¢gan { to the destruction of double bonds by

figyd

W

n&'im$ During this heating temperature, 1t was
Y

observedaghal @ samples did not™iow much change in terms of 1odine value. This

%:uusc at low temperature (120 "C), the heat is not high enough to break

-+ ofthe double bonds.

are 1 the form of double bonds. The
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FIGURE 1: Relationship between iodine values heated at 120 °C and 3 hours

heating time
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Z v =-0.4975x + 55.983 %
= 55 - O R2-0.9091 V
m _— #
=
< 54 A
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| Heaﬁn%ﬁi
¢ a (0% lard + 100% palm oil) @b (15% lard + 85

&

)

Id ¢ at mOx

The 10dine values for sampl

E.ll'ld 240 UC) WCIC ShO\\'Il ill Kl UR | l'especti\*el}r. }\“ SHIHP]CS

showed a decreased In lm%‘ 1

changes at both 180 ”C&Nﬂ “Cl
mdo 1ugantyatt
o4

@amplc ¢ showed the highest

arikkar and Yanty (2013), 1n lard.

oleic acid are th a 24 % to 51 %) followed by palmutic.

linoleic and steafagJeeed congecugvaly. fRE major triacylglycerol (TAG) 1n lard are
% o A
PLL, OOL, 'R, WPO, PPO and SRQV') = oleic acid, P = palmitic acid, S = stearic
N S

acid, L nlcic acid) where OPO are the most dominant TAG molecular species

whil® Wwand SPO are the second and third most abundant. In palm oil. the major
speciewd#firec PPO, POO, POL, and PPL (Andrikopoulos, 2002). Since lard contains
more unsaturated fatty acid, thus the high temperature might cause the unsaturated

fatty acid to breakdown into other intermediate compounds. Therefore 1t has
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undergone the highest changes in terms of 1odine value when subjected to higher

temperature. Alireza et al. (2010) obtain the same pattern in the reduction of 10dine

N

value when subjected the RBD palm oil, sesame oil. canola o1l and their blends

days of heating at 180 "C. The highest significant changes (p< 0.05) \x'asem d in

Q
cids (30

canola o1l due to the presence of high amounts of polyunsaluraled*)

o/100 g).

FIGURE 2: Relationship between 1odine values heat

time

lodine Value (g/100g)
N
00

. )
> % paln% oil) C (£D§A~.. lard + 705/0 palm oil)

pg time (hour)
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FIGURE 3: Relationship between iodine values heated at 240 °C and 3 hours heating
time

- y=-2.76x + 61.995
58 T~—__R*=0.9965
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YO B e
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i
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3.2.2 Peroxide Value (PV)

C)q;hich oil has undergo primary
- o1l. Peroxide value 1s not a good
indicator to evalu
hydroperoxide g#

According A

de value, peroxide value and the colour intensity of the oil. Initially mn

T

a@ferease in heating time and temperature will

antyan (2010).

Increase 1
. all samples showed a low peroxide value, however, the increased in time
of heating has increased the peroxide value for all samples. Sample ¢ showed the
highest changes in peroxide value as the heating time was prolonged. This might due

to the high amount of unsaturated fatty acid contributed by 30 % lard. Bolourian et al.
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When the heating temperature was increased to 180 “C (FIGURE 5), at 1 hour
heating time. all samples showed a higher peroxide value compared to 1 hour heating

. } . .
time at 120 "C. As the heating time was prolonged, sample b and sample ved a

decreased pattern in peroxide value, while peroxide value for san@was still

increased even though not as rapid as in temperature 120 ”C‘.*uen a higher

ey sz wed a decreased

aNPM “C. the secondary

pe oxi@ measure the
WAL

ses as tlle scé®@onda x1dation
0 | S
Y
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temperature was subjected to all samples as in FIGURE 6, t

in peroxide value. This pattern might occur becaus

oxidation products started to form and accumulate.

primary oxidation products, thus the value decr

products formed.

\"
FIGURE 5§
time

~NI
N

N)
o

—
un

-
-

Peroxide Value( meq/kg)

3 hr

Heating time (hour)
¢ a (0% lard + 100% palm oil) @b (15% lard + 85% palm oil) c (30% lard + 70% palm oil)
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FIGURE 6: Relationship between peroxide values heated at 240 °C and 3 hours heating
time

10 y = -0.67x + 9.2033 \z
R? = 0.9653 %
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-
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3.3 Colour Intensity

As heating or fryj

$il colour to monitor the quality level 1s not

Y
valid wh* lating a wide rangg:%f frying operations (Takeoka et al., 1997).

1e value for L*, a* and b* for samples a, b and ¢ at 120 °C, 180 "C and 240

ing at 3 hours were shown in Table 1. L defined lightness, +a depicts a shift
towards red and —-a towards green, while +b represent a shift towards yellow and -b

towards blue. As the heating time increased from 1 hour to 3 hours, all samples shows
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a trend mm reduction of L* value indicating dark oil formed. On the contrary, all
samples showed an increased in terms of a* value (Refer TABLE 1). This trend

showed that the samples become darker as the time of heating was prolonga

TABLE 1: Hunter Lab value for 0 %, 15 %, 30 % lard in RBD p il at 120 °C, 180 °C

and 240 °C for 3 hours of heating V
- L* Yé b*
Al ©34.26 +0.03 h |7 _

aA?2 34.05 +£0.01 . L ° | _
[ aA3 | 3325+ 0.02 | _ |

-~ aBl 39.29 + (.01

 aB2 31.06 + 0.04
 aB3 30.6 = 0.02
aCl 3976 £ 0.03
a2 - 36.88+0.02
a3 | 35.84+00]
~ bAL | 38.00+0.04 (’9 *
~ bA2 | 37.86+0.02 #

- bA3 | 32.76 + Q\
03

-1.55 + 0.02 ©0.15+0.02 )
1.17+0.01 916+ 0.03
238+ 0.01 | .23 + 0.01
131+004 | .49 +0.02
-1.07 £0.02 836+ 0.03 ]

Note: mean value + standard deviation
*+a =red, -a = green, +b = yellow, -b = blue, L, 0 = black, 100 = white
: = i e = - o I DU, )
*a=0%lard, b=15% lard, A= 120 °C, B=180 °C, C=240 °C, 1=1 hr, 2= 2 hrs, 3= 3hrs
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At low heating temperature (120 "C), even though the a* value increased,

however not much changes was observed in a* value for all samples as in FIGURE 7.

[t was observed that the lowest a* value among 3 samples were 0 % lard \K?lﬁ‘ [5

% and 30 % lard showed almost the same values for 3 hours he%\me. The

formation of non volatile decomposition which contained carbonygf&g caused the

darkening of palm oil (Tsaknis, 2002). During frying, the C% z will absorb the

Yv

energy of the visible light magnitude.

ating

FIGURE 7: Colour changes a* for all samples hed

time
0
0.5
-
= =0.27x-2.16
8 f % R? = 0.9959
8 "15 L <
o
[ N\0.195x - 2.1133
R?=0.826
2 2.5 3 3.5

| lt:é-\d y time (hour)
|

Urd + 85% palm oil) = ¢ (30% lard + 70% palm oil)

er, as the heating time was prolonged, the a* value increased (FIGURE 8).
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FIGURE 8: Colour changes (a*) for all samples heated at 180 °C for 3 hours heating
time

4.2
-0.4
-0.6
-0.8

=0.215x - 1.87
R?=0.7848

vy =0.215x - 1.87

-1.2
R?=0.8359

Color (a*)

=0.195x - 2.0833
R*=0.7884

The changes in colour was\ %1} best w
highest heating temperature (240 ”C%hown ™\ F *U

i C

was increased. the a* values for

C

highest changes during 3 hourvng
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FIGURE 9: Colour changes (a*) for all samples heated at 240 °C for 3 hours

heating ime

0
0.5
% 2 v = 0.19 - 1.7367
5 R% =0.9854 ja
g -1.5 =
y =0.265x - 15
2 R2 =0.8856
v = 0.655x - 2.8967
R2 = 0.882
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Heating time (hour
a (0% lard + 100% palm oil) Eb (15% lard + 85% palnw (3

"gé“ a large set of variables to a

Principal component

small scale but still con@ :

PCA were summarizg

${orma

.

(ﬁpbgﬁlix H) and loadings plot (Appendix

S

n from the large set. Results of

: '3
>N
ylot for sample a. b\!nd cat 120 °C, 180 “c and 240 °C was shown
in FIG From the plot, it was observed that samples are clustered accordine to

their he temperatures despite contain a lard or no lard. Scores plot may be used to
interpret the similarities or differences among samples. The closer the sample in the

score plots, the more similar they are with respect to the two components concerned.
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Conversely, samples that are far away from each others are different from each other.
In FIGURE 10, each group was different from each other since a significant clustered

was observed. A was denoted for samples heated at 120 "C, B for samples heated at

1C

«

180°C, while C for samples heated at 240 °C. However, some samples {

A

heated at 120 °C were seemed to be presented at group B. This might beNoec#fise of

T 120 °C.

the high heating temperature as they were heated at 2 or 3 hours of hea

FIGURE 10: Scores plot of physicochemical tests for all
180 °C and 240 °C for 1, 2 and 3 hours heating time

Scores

PC-2 (4°

]
LN

10 15

SQ}(BD palm o1l. ¢= 30 % lard on 70 %

*a =0 % lard in 100 % RBLYP:
‘ lg‘)hour heating, 2 = 2 hours heating, 3= 3

RBD palm oil. A= 120 "

hours heating

<, |
&
S

hown IPIGURE 11. PV was correlated with ¢AJ3 (samples ¢ heated at 120 °C for 3

hours). Among all samples, 1t showed the highest PV which were 46.67 + 0.01. This

mioht be because 1t contains high amount of unsaturated fatty acid compared to other



a4

sample and the heating time was longer. When the heating temperature was increased,

the PV value was low due to the formation of secondary oxidation products.

N

FIGURE 11: Loadings plot of physicochemical tests (PV, IV and color\
Intensity)

0 -
golor
0.1 -

-0.2 A

0.3 =

PC-2 (4%)
© O o O
~ o)) o N

O
8 o]

-0.1 0 0.1

3.3 CONCLUSION

’
&

chan@ristic of oil. For 10odine value, at
\ .
0&( did not showed much changes.

e$s increased to 180 °C and 240 °C. all

Heating affects thg

low heating temperatt e
However, when tan!'hg eghpe

£,

samples showed Qde®ease 1n 10dine valgg*with sample ¢ showed the highest changes.
P ?_, p g

\
'\lhe double bonds in the unsaturated fatty acid. As for peroxide

Heating de
value, ¢ ¢ heating time at 120 °C, all samples showed an increased in peroxide
value Wi samples ¢ with the highest changes due to the formation of primary

oxidation product. However, as the heating temperature was increased to 180 °C, a

different pattern was observed as there was a decreased in PV for sample b and ¢ due
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to the formation and accumulation of the secondary oxidation products. While sample
a still showed an increase in PV. At 240 °C, all samples showed a decreased in PV. In
terms of colour, at temperature 120 °C. not much changes was observed n a* vT
for all samples. It was observed that as heating time increased, there was a %\m

in the 1.¥ value and increment in the a* value. Changes mn colour was ThWighest

AN O A p—— . rar] ar it ,
when all samples were heated at 240 "C. The scores plot showed an accqulation of

Yslce observed
‘ llJed

at the

samples based on the heating temperaturc and there was no

physicochemical tests m terms of colour intensity, PV ai
/ - / | — P Lo #, O
between 0 %. 15 % and 30 % lard heating at 120 "C,

heating time.



