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Antioxidants are important inhibitory compounds iaga the oxidative deterioration of food. This stud
investigated the effects of various phytochemicdioxidant systems [oleoresin rosemary (OR), oldoreage
(OS) and citric acid (CA)] on the physico-chemichhracteristics of refined, bleached and deodor®RD)
palm olein during the frying of potato chips. THéeets of various mixtures of the antioxidants be bil was
also studied in repeated deep frying. The respsadace methodology was used to optimize the coitipos
of mixed antioxidants used. A comparative study wasied out with synthetic antioxidants. Sampméshe
oil after frying were analyzed for different phyaicand chemical properties. OR and OS were founketo
effective phytochemical antioxidants protecting RBinp olein against oxidative deterioration duringrg.
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Introduction

Many lipids are labile when exposed to heat, ad Eght.
In heating or frying, both thermal and oxidativecde-
position are acceleratéd. Excessive heating of oils or fat

can cause the formation of co m_p(_)unds with antikrel The response surface methodology (RSM) was usek to i
properties, such as enzyme inhibifoend accelerated Iossvestigate the effectiveness of OR. OS and CA amit th
of the antioxidant vitamins, such as vitanfifiE leading to itterent combinations as antioxidants. An RSMdghs
growth and histologic changes in the gastrointai;tincomputer program - Echip software (Echip Inc., Hoskes
tissues:” Moreover, oxidized lipids enhance peroxidatiope|aware, USAY - was used to provide the initial expe-
of the membrane macromolectflesontributing to their rimental designs, calculate the multi-regressionatiqns
mutagenicity, genotoxicity’ and angiotoxicity" These and do the statistical analyses. RSM basically asesxpe-
cellular aberrations induced by thermally oxidizéld have rimental design, such as the central Compositegdesi
been linked to growth retardatiohcolon carcinogeness (CCD), to fit a model by the method of least sqaar&he
and reproductive disordet$Notwithstanding these poten-initial concentrations of OR and OS were 0 to 0.486h,
tial adverse health effects, lipid oxidation alszkases the and CA 0 to 0.05% as per Irwandi and Che NfanA total
acceptability of fried productS. Thus, to prevent un- of 15 different combinations of the three antioxitta
desirable changes in oil during storage and fryimgti- (Table 1) established from the Echip software westete
oxidants are require@. on palm olein. The experiments were performed i tr
This study investigated the oxidative behavibvarious licate.
mixtures of natural antioxidants - rosemary, sagg Gtric
acid - in palm olein systems in order to optimiae use of
natural antioxidant mixtures in frying.

Malaysia. All the other chemicals used were oflyital
grade.

SExperimental design

Materials

Refined, bleached and deodorized (RBD) palm ole#s w

obtained from a local refinery in Selangor, Malay€Dleo- Correspondence address J. Irwandi Department of Bio-
resin rosemary (OR; Herbalox Brand, Type O) and -oletechnology, Faculty of Science, International Istatdniversity
resin sage (OS; Herbalox seasoning, Type S-O) estralalaysia, Jalan Gombak, 53100 Kuala Lumpur.

were kindly donated by Kalsec Inc. USA, and ciigd —¢ 603-20565454.

A E-mail: irwandi@iiu.edu.my
(CA) was purchased from a local supplier in Sel“‘ngoAccepted June 302005
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Table 1. Combinations of rosemary,geand citric
acid added into RBD palm olein before frying

Trial Rosemary Sage Citric Acid
No. (%0) (%0) (%)

1 0 0.1 0.05
2 0.1 0.05 0

3 0 0.1 0

4 0 0 0.05
5 0.1 0.1 0.05
6 0.05 0.1 0.025
7 0 0.05 0.025
8 0.05 0.05 0.05
9 0 0 0

10 0.1 0 0.025
11 0.1 0.1 0.025
12 0.05 0.1 0
13 0.05 0 0
14 0.1 0.05 0.05
15 0 0.05 0

'RBD=Refined, bleached and deodorized

For the purpose of optimization using the resuttsmf

continuation of the experiment the next day. Thedfr
chips were drained of excess oil. Daily, the niatid
tenth batches were packed in low-density polyetigle
plastic bags for later sensory evaluation the sdaye

Analyses of oil

The peroxide value (PV), free fatty acid (FFA) caonite
and iodine value (V) were all determined using PR
test method&® The oil color was measured in a one-inch
cell in a Lovibond Tintometer (Salibury, United King
dom)? and the viscosity by a Brookfield viscometer
(Stoughton, MAY® The oil polymer content was analy-
zed by the method of Peletial.”> The absorbances at
232 and 268mm and the anisidine value (AnV) were
obtained using IUPAC method5. The fatty acid profile

of the oil was determined by gas chromatography
(Hewlett Packard gas chromatography Type 5890) as pe
Berry?® using a 15 m X 0.53 mm capillary column and a
flame ionization detector. The temperature of thie@mn
was initially 146C, and programmed to increase 3t/4
min to 206C. The temperature of both the injector and
detector was 25C. The flow rates for the carrier gasses,
namely nitrogen, hydrogen and air were 65 mL/min, 44

both analyses, the mathematical models, or equationmL/min and 440 mL/min, respectively. Each reported

developed in this study were:

Response =B, + Bi(OR) + B(OS) + B3(CA) +
B12(OR)(OC) +B1(OR)(CA) +B25(OS)(CA) +B*(ORY
+ B,A(OSY + B (CA)?

Where:
Bo = intercept
Bi2s = coefficient for each antioxidant at the fi
order form
Bi21323 = coefficient for each interactiommong
antioxidants
225 = coefficient for each antioxidant at the sec
order form
(OR) = concentration of OR extract in oil
(0S) = concentration of OS extract in oil
(CA) = concentration of CA in oil

Frying experiment

Fresh potatoes were hand-peeled and sliced takntgs
of 1.5 mm. The slices were soaked in 2.5% NaCltgwiu
for 5 min, allowed to drain dry and then dried withper

value was the mean from three replicates.

Statistical analysis

The data from physico-chemical analyses of the wd a
sensory evaluation of the chips were analyzed leyvoay
analysis of variance using the SAS software tordete
the effect of frying time on the quality of oil arfded
chips. Significant differenced?€0.05) between means
were further analysed by Duncan’'s multiple-ranggt.t
In addition, the SAS program was also used to deriv
linear regressions between the oil quality and @gns
responses to the fried chips.

Resultsand Discussion

The physico-chemical characteristics of the freshDRB
palm olein are given in Table 2. The oil was of good
initial quality, as evidenced by its low PV of 0.8tfeqg/kg
and FFA content of 0.05%. Together with its IV of
56.07g 100 g oil, it was well within the standards for
Malaysian palm oleid? Table 3 shows the effects of
adding OR, OS and CA on the fatty acid composition
(FAC) of the RBD palm olein after one and five d&fs

napkins. OR, OS and CA were added to the RBD palrfi€ep frying. Oleic (C18:1), palmitic (C16:0), lieot

olein just before frying. The antioxidants were oatded
once at the beginning of the study.
The frying was done in two batches (replicatesper

(C18:2) and stearic (C18:0) acids are the four migtty
acids in palm olein at 42.33, 39.57, 10.66 and %,09
respectively. Other fatty acids in lesser amoanésmy-

Che Man and Irwand? in a batch fryer (Berto’s, Model fistic (C14:0, 1.18%), arachidic (C20:0, 0.52%);

ELT 8B, Italy) with 3 kg oil maintained at 80. About
10 min before the frying, the oil was heated to $88C
with frying started 30 min later. One hundred gsaof
the sliced potato were then fried for 2.5 min, émel oil
allowed 30 min to equilibrate back to f80before the
next batch. Ten batches were fried daily for 5 contee

linolenic (C18:3, 0.15%) and palmitoleic (C16:114%).

Effects of the natural antioxidants on the fatty &t
composition (FAC) of palm olein after one day’s fng
C16:0, C16:1, C18:1 in all the 15 samples increagdeite
C14:0, C18:2, C18:3 and C20:0 decreased. C16:Cethng

days without any fresh oil added. The fryers wene u from 40.49% (Trial 5) to 43.27% (Trial 9, control),

covered during the frying. For the physico-chemimad-

representing increases of 2.27 to 9.27%. This is in

lyses, 200g oil at 6C were sampled from the fryer at the accordance with the results of Augustin and Bémgho

end of each day and stored in a cold room°&t 5The
fryer lid was then closed and the fryer left ovghtifor

found a marked increase in C16:0 after frying, sieat
with the breaking of double bonds in the unsatur &ty
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acids and their carbon chain lengths. The additbn

Table 2. Physico-chemical characteristicsf fresh rosemary, sage and citric acid reduced the oxidatib

RBD paim olein unsaturated fatty acids, minimizing the increas€16:0.
Darameter Value Conyersely, there was a marked decrgase in C18:2,

- , ranging from 15.74 (Trial 2) to 22.77% (Trial 9).
Peroxide value (megfkg oil) 0.910.02 Table 3 also shows the correlations obtaine/dmn
lodine value (g 12/100g oil 56.070.15  the concentrations of antioxidants used (all thecaf-
Anisidine value 0.9& 0.03  phingtions) with the compositions of the individuatty
FFA content (%) 0.08 0.01  acids in the RBD palm olein after frying. The eorr
Polymer content (%) 0.040.00 lations with C18:2 and C16:0 were markedly bettemt
E™cmat 232 nm 173005  those with the other fatty acids (e.g. C14:0, C2an@l
E™ cmat 268 nm 0.4£0.04  C18:1). Their Rvalues were 0.729 and 0.717, re-
Red Colour (Lovibond unit) 0.580.01 spectively. The correlations with the other fattida
Yellow colour (Lovibond unit) 5.92 0.26 were insufficiently strong (R 0.75) to be able to predict
Viscosity (centipoise) 50.220.13 their proportions from the concentration of antidants
C18:2/C16:0 ratio 0.280.01  used®?

! Means of three determinations

Table3. Fatty acid compositions of fresh RBalm olein and natural antioxidant-treated RBD palgin after
1 and 5 daysf frying®

Trial Fatty Acid (%)
No. C14:.0 C16:0 Cl6:1 C18:.0 C18:1 C18:2 Ci8:3 C20:0 Others
Fresh - 1.18 39.60 0.14 4.09 42.33 10.66 0.15 0.52 1.33
Qil
After1-d 1 1.16 41.13 0.16 4.34 44.00 8.53 0.12 470. 0.09
Frying 2 1.16 41.76 0.15 4.21 43.08 8.98 0.11 041 0.14
3 1.13 41.96 0.18 3.89 43.60 8.69 0.11 0.37 0.07
4 1.16 41.62 0.15 4.42 43.55 8.38 0.11 0.39 0.22
5 1.13 40.49 0.17 4.30 44.17 8.77 0.13 0.36 0.48
6 1.14 40.76 0.16 4.02 44.25 8.77 0.07 0.36 0.47
7 1.18 42.49 0.18 3.84 43.07 8.78 0.10 0.33 0.03
8 1.20 41.77 0.18 4.00 43.27 8.94 0.08 0.33 0.23
10 1.15 41.32 0.19 4.29 43.33 8.51 0.13 0.39 0.69
11 1.15 40.58 0.18 4.27 44.16 8.57 0.13 0.40 0.56
12 1.15 41.18 0.19 4.35 43.90 8.60 0.10 0.38 0.15
13 1.16 41.17 0.18 4.26 43.83 8.62 0.14 0.41 0.23
14 1.18 40.75 0.17 4.38 44.09 8.64 0.13 0.39 0.27
15 1.16 41.24 0.16 4.40 43.56 8.53 0.13 0.41 0.41
9 1.18 43.27 0.17 4.24 42.37 8.23 0.09 0.41 0.04
(Control)
R? 0.699 0.717 0.479 0.387 0.631 0.729 0.488 0.693 -
After5-d 1 1.15 42.42 0.20 4,52 44.22 7.07 0.05 270. 0.10
Frying 2 1.16 41.86 0.16 4.63 43.94 7.40 0.08 0.26 0.51
3 1.13 42.94 0.18 4.40 43.63 7.00 0.08 0.26 0.38
4 1.16 43.23 0.22 4.57 43.63 6.66 0.05 0.24 0.24
5 1.13 41.82 0.18 4.52 44.25 7.43 0.09 0.26 0.32
6 1.13 42.94 0.16 4.07 43.47 7.97 °Nd 0.21 0.05
7 1.13 42.94 0.18 4.40 43.13 7.00 0.08 0.25 0.89
8 1.18 42.76 0.21 4.10 43.70 7.73 nd 0.26 0.06
10 1.14 42.20 0.19 4.52 43.99 7.31 0.05 0.26 0.34
11 1.14 42.53 0.20 4.47 43.53 7.45 0.09 0.26 0.33
12 1.14 41.80 0.19 4.40 44.58 7.27 0.05 0.27 0.30
13 1.16 42.74 0.21 4.39 43.86 7.08 0.05 0.28 0.23
14 1.18 41.98 0.18 4.38 44,12 7.64 0.06 0.26 0.20
15 1.16 42.95 0.16 4.52 43.60 6.86 0.05 0.25 0.45
9 1.17 44.25 0.22 4.62 43.42 5.97 0.03 0.27 0.05
(Control)

R? 0.721 0.825 0.735 0.815 0.793 0.946 0.662 0.712 -
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Effects of natural antioxidants on fatty acid compition  Optimizing the use of natural antioxidants based time
(FAC) after five days’ frying C18:2 n-6/C16:0 ratio
The changes in FAC of RBD palm olein after five days Based on the FAC results after one and five dayid,
frying were largely a continuation of the changéera the C18:2/C16:0 ratio was used to predict the ogitim
one day’s frying. C16:0 and C16:1 continued toéase,  amounts of OR, OS and CA for RBD palm olein during
while the other fatty acids, except C18:0, decr@asefrying. The ratio, as a quality parameter in fatl ail
(Table 3). In some of the samples, C18:3 was nehev analysis, was first suggested by Augustial.,?® and has
detectable. Four fatty acids - C18:2, C18:0, C1&nd been used by Che Man and Thio determine the quality
C18:1 - had Rvalues>0.75. changes of RBD palm olein during frying. In thisidy,
the natural antioxidants yielded high W®alues (0.972 and
Table 4. Regression coefficients on some fatty a 0.832, respectively) after one and five days’rfoyi

from natural antioxidant-treated RBPalm olein after ! The changes in the C18:2/C16:0 ratio of a#l il
days’ frying samples after five days’ frying are shown in Table 5

After one day, it was down to 0.190 (Trial 9, coljtto

Coefficient Fatty Acid 0.217 (Trial 5) from the fresh RBD palm olein valok

C16:0 C18:0 cisl Ci82  (.269. Thus, the antioxidants had retarded lipidation

Bo 42.814 4.050 44.478 78179 ayen on the first day of frying. After five daybge ratio
(intercept) . " « had further decreased, the most (29.02%) in thepkam
By -11.395 0.584 4.838 5.6899 . . .
B, 5017 0517 1.875 39508+ With-out added antioxidant (Trial 9): Conversely g th
Bs -1.497 .3.533 2473 6.4391* lowest decrease (14.20%) occurred with 0.1% ORs%.0
Bz 106.285  13.080  -67.263  58.6182 OSand 0.05% CA (Trial 14).
Bis 138.427  -54.832 -36.597 -7.4236 Table 6 shows the regression coefficients ahtbR
B2s 75.543 19.214 -13.099 -50.143  the C18:2 n-6/C16:0 ratio of RBD palm olein heatéth
B2 -21.944  131.682** -63.7844 174.358* natural antioxidants after 1 and 5 d frying. Aftit, all
B 47.344 35.715 92.108  -95.7583  the three antioxidants had a significant effét.05) on
B’ -614.420  177.801  749.540" -284.164 the ratio. No interactive effect between the thesi-
1RBD = Refined, bleached and deodourized;, Sutisdrip OR oxidants was found. The model developed from the
extract; 2 = OS extract; 3 = CA; ** = significaatt 0.01 level; C18:2/C16:0 ratio for the first day of frying waggni-
* = significant at 0.05 level. ficant (R=0.832, P<0.05). The contour map for this

response (Fig. 2A) showed that the combination of

Contour maps for prediction of these founyfaitids at  0.072% OR, 0.078% OS and 0.038% CA reached the
optimum levels of CA are shown in Figure 1 (A-D)ttwi  optimum point after 1 d frying.
the individual regression coefficients given in Teadl. Table 6 also shows the effects of using a#i¢hmatural
OR had a significant?<0.05) effect on C18:2, C16:0 and antioxidants on the C18:2/C16:0 ratio after 5 dnigy An
C18:1. The second order form also produced a gnif  equation for estimating the ratio was developedh igh
(P<0.05) effect on C18:0. However, OS and CA were.gnfigence (B=0.972). OR produced a highly significant
only significant P<0.05) on C18:3, while the second (P<0.001) effect on the ratio. OS also had a sigaific

order form of the CA level had a significar®<Q.05) . L
effect on C18:1. (P<0.01) effect, while the CA effect was only siggant

Table 5. Effect of OR extract, O8xtract and CA on the C18:2/C16:0 ratio of RBRIm olein after deep-fat fryingf
potato chip$

Trial Frying Time (h)
5 10 15 20 25

1 0.20%0.006 0.1980.005 0.18%0.005 0.1740.006 0.16%0.005
2 0.215-0.005 0.1920.004 0.1860.006 0.1820.005 0.17%0.006
3 0.20'20.006 0.1920.004 0.1820.006 0.1730.006 0.1630.005
4 0.20%0.008 0.1820.004 0.17%0.007 0.1780.004 0.1540.004
5 0.217%0.002 0.20%0.005 0.1920.007 0.19%0.004 0.1780.004
6 0.215-0.003 0.2180.006 0.19%0.004 0.18%0.003 0.1830.007
7 0.207%0.005 0.20%0.010 0.1960.002 0.18%0.004 0.1630.007
8 0.214:0.006 0.20%0.006 0.2020.002 0.18€0.004 0.18%0.009
9 0.19G-0.006 0.1780.007 0.1640.002 0.1530.002 0.13%0.007
10 0.206:0.003 0.20%0.001 0.2080.005 0.1920.004 0.1730.007
11 0.2110.004 0.2080.005 0.1910.004 0.18%0.004 0.17%0.006
12 0.209-0.009 0.20%0.004 0.2040.005 0.1830.001 0.1740.005
13 0.209-0.005 0.19%0.004 0.1910.006 0.1620.007 0.16£0.005
14 0.212:0.006 0.20%0.009 0.2030.006 0.1920.004 0.1820.005
15 0.2070.003 0.20%0.004 0.195%0.006 0.17%0.005 0.1680.005

! RBD = Refined, bleached and deodorized
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Figure 1. Contour maps of the effects of OR and OS at aptintevel of CA on individal fatty acids after
days of frying (Levels of CA for A=0.036%, B=0.050%~0.047% and D=0.039%).

at the 0.05 confidence level. The results also showeraple 7. Predicted vs. experimental fatty acid fles
synergism between the antioxidants on the ratieraft of the optimum antioxidant combination treatment a
repeated frying. The interactions between OR and OS d of frying

OR and CA, and OS and CA were also significant
(P<0.05). For OR and OS, the significant effectsenst

both the first and second orders. The second deder Fatty Acid Composition (%)
of OR was significant &<0.01, while the OS second Predicted Experimental
C 14:.0 1.13 1.10
Table 6. Regression coefficients and® For C18:2, C 16:0 41.62 42.00
C16:0 ratio of natural antioxidant-treated RBEalm C 16:1 0.17 0.15
olein after 1 and 5 d of frying C 18:0 413 4.21
c18:1 44.71 44.01
Coefficient Frying Time (d) C 18:2 7.89 7.90
1 5 C 18:3 0.03 0.03
Bo (intercept) 0.2140 0.1807 C 20:0 0.25 0.28
B, 0.0784* 0.1812%** Others 0.07 0.32
By 0.0778* 0.1052** C18:2/C 16:0 ratio 0.189 0.188
B3 0.0399* 0.1508* R?= 0.9998
By -0.4207 -1.7521*
Bis -0.8349 -0.7094*
Bzg _cl)'éigi :é'jg%** order was only significant at the 0.05 level. Frtime
Eiz -1:6962 _2:4329* contour map obtained (Fig. 2), the optimum poimtrie
B2 0.5865 21472 tention of C18:2/C16:0 was 0.076% OR, 0.066% OS and
0.037% CA. To verify this finding, a frying expeemt
R? 0.832 0.972

using the antioxidant combination was performed.e Th
fatty acid profiles after 5 d frying and predictbyg the

Echip software are compared in Table 7. A very high
correlation (B=0.9998) was obtained, indicating that

'RBD = Refined, bleached and deodourized; Subscripts OF
extract; 2 = OS; 3 = citric acid; *** = signifimt at 0.001 leve
** = significant at 0.01 level; * = significart 0.05 level
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optimizing the natural antioxidants to be addedrBD
palm olein for frying by the RSM was feasible.

Changes in the oil quality during frying

Table 8 shows the changes in the oil over 25 h dgrgh
potato chips. All the antioxidant treatments gigantly
(P<0.05) reduced the oxidation rate of the odnf the

common indicators used. AnV, PV, FFA, polymer con-

tent, colour units, viscosity, and adsorbances3at @nd
268 nm gradually increased, while IV and €18:2/C16:0

A C18:2/C16:0 Ratio (1 d) B, C18:2/C16:0 Ratio (5 )

¢.10

; 0.05+ § 3 1‘\’3 " ¢
g f \ . /m
& & ! N
NN
N NS A
6,00 sk SO I\\\ »
0:06 0,00 0.05 0.10
Olsoresin Roserary Exieaei (%) Oleoresin Rosemary Extract (%)

frying, the IV of all the treatments decreased isicantly
(P<0.05), from 54.10 - 55.70 on Day 1 to 41.92 - 4792
1,/100 g on Day 5. The control IV decreased from 34.0
to 41.88 g #/100 g.

The changes in the FFA content of the oil miyri
frying are shown in Table 8. The FFA contents all in-
creased gradually with frying time. The increaseld¢o
have been due to hydrolysis of the triacylglycebis
water introduced into the frying system from thegbo
chips. The natural antioxidants significant({?<0.05)
reduced the FFA contents of the oils during fryaugn-
pared with the control.

The polymer content increased with frying timeéth
the increase mitigated by the natural antioxidgmtble
8). On Day 1, all the treatment samples had 0.4161%
polymer and the control 0.71%. On the final dde t
control content was 1.97% and the treatment comtent
1.39 to 1.89%. The increase was due to decomposition
polymerizing®, eg. the free radicals from the hydrolysis
of hydroperoxides reacting to form polymers andeoth
complex productd!

The colour changes of the thermally processisdare
also shown in Table 8. On Day 0, the treatment sasnpl
were darker than the control due to the colour taf t
added antioxidants. However, during frying the toon
became significantly R<0.05) darker than most of the
treatment samples. Lovibond units of 1.10 red ahd5sl

Figure 2. Contour maps of the effects of OR and OS atyellow were recorded for the control on Day 1. The

optimum level of CA on ¢18:2/C 16:0 (x ¥pratio after 5 days
of frying (Levels of CA for A=0.038%, B=0.037%).

ratio decreased. For almost all the quality patarse

adding OR, OS, CA or their combinations retardeg th

quality deterioration of RBD palm olein during fing.
PV is a measure of the amount of peroxide formef@ts
and oils through oxidation. Indirectly, it indieatthe ini-
tial oxidation of the oil/fat. On day 1, the casit(Trial 9)
PV was 6.55 meqg/kg, while the treatment PVs we28 4.
to 6.04 meqg/kg. On Day 5, the control value hadnito

11.70 meqg/kg while the treatment values were 6d0 t

10.89 meqg/kg. For all the treatments, only onepdam
(Trial 4) had PV>10 meqg/kg, while the rest wer¥.11
meg/kg. The results in Table 8 also indicate thatafb
the samples, PV increased gradually until Day 5guAu

stin and Berr§ reported that hydroperoxides, the product

of primary oxidation, degrade to secondary produets

which the aldehydic components are measured by thI

anisidine test. This test has an enhanced sensifivi
unsaturated aldehydes, especially 2,4-dienals, dogts
not measure the ketonic secondary products of exid
tion?> In this study, there was a marked increase in An
on the first day to 31.53 for the control, whileeth
antioxidant-treated samples had values of 27.130t&0.
Also, in all the treatments the time of frying siiggantly
increased AnV. On Day 5, the control reached 54/8¥
the treatment samples 42.23 to 52.22.

IV is a measure of the number of double bande
oil. The decrease in IV of an oil after frying indies its
more oxidized sate. A big decrease in IV occurshwit
excessive deterioration of the &il.The antioxidants used
in this study significantly F<0.05) decreased the fall in

IV which corresponded to both PV and AnV During

creases in red and yellow colour, due mostly toysol
merization2® were similar for all the treatments. How-
ever, not all the darkening was due to oxidativiede-
ration of the oil, but also from colour absorbednfrthe
fried food.

The changes in viscosity of the oils duringrfg are
presented in Table 8. The control viscosity ranfyjech
53.17 cp on Day 1 to 66.40 cp on Day 5. The odttd
with OR and OS had narrower ranges. On Day 0, the
treatment viscosities were 50.06 to 52.17 cp aockased
to 58.50 to 65.95 cp at the end of frying. Thditoh of
antioxidants generally significantly°€0.05) reduced the
viscosity although the effect was not significamt i
Sample 4 (CA added alone). With frying time, ths-v
cosity increased. Bergérreported that the rate of oxi-
dation of unsaturated fatty acids was directly tezlato
the increase in oil viscosity. In addition to tlEgplana-
tion, it should be noted that polymeric materiaks main-

3 responsible for the increase in oil viscosity.

The absorbance at 323 nm is similar to PVesihalso
measures the degree of primary oxidation. It vihaset
ore not surprising that the absorbance results I€T8p

ere closely related to those for PV. There wasnan
reasing diene content with duration of frying. Tadesor-
ances of the treatment samples were significantly
(P<0.05) different from that of the control. The absor
bance at 268 nm, which indicates formation of cgatad
trienes increased gradually with frying time. Theras a
significant P<0.05) effect of the antioxidants and frying
time on absorbance of the oil (Table 8). The absarba
of the control oil was significantlyP&0.05) higher than
those of the samples containing rosemary or sagacts.
The trend in absorbance was similar to that for AnV,
which also measures the secondary oxidative predoct
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Table 8. Physico-chemical changes of RBD palm olein duriegpdfat frying

; Trial Number

Parameter Frying

Days

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Anisidine 1 28.52 28.20 29.05 30.10 28.05 27.10 129. 28.06 3153 28.65 28.10 27.99 28.05 28.00 29.10
Value 5 4758 45.22 48.00 52.22 44.08 42.23 48.10 4.104 54.97 47.71 45.77 46.10 47.85 43.88 48.25
Peroxide 1 5.05 4.44 5.21 6.04 4.50 4.32 4.82 4.70 6.55 4.814.55 4.39 4.55 4.23 5.00
Value
(meq/kg) 5 6.52 6.24 6.91 10.89 6.24 6.14 6.83 6.2011.70 6.41 6.29 6.35 6.60 6.10 7.11
lodine Value 1 5415 54.95 5465 54.10 55.10 54.8055.05 55.70 54.02 55.01 54.99 55.20 55.13 54.65 8554.
(g 1,/200 g 0il) 5 45.22  46.10 4420 4192 46.22 47.21 4.22 46.11 41.88 45.10 45.57 45.44 45.00 4710 843.7
Free Fatty 1 0.12 0.12 0.13 0.14 0.12 0.12 013 101 0.124 0.13 0.12 0.12 0.12 0.11 0.13
Acid (%) 5 0.41 0.36 0.43 0.49 0.34 0.33 0.42 0.33 0.52 0.40 0.36 0.36 0.42 0.34 0.43
Polymer 1 0.49 0.44 0.56 0.61 0.42 0.40 0.53 0.41 710 0.45 0.46 0.49 0.52 0.40 0.55
Content (%) 5 1.53 1.44 1.57 1.89 1.42 1.39 154 401. 1.97 1.49 1.47 1.47 1.54 1.40 1.58
Red Color 1 1.10 1.07 1.10 1.10 1.08 1.10 1.10 1.051.10 1.10 1.10 1.08 1.10 1.05 1.10

5 1.31 1.30 1.33 1.35 1.27 1.28 1.32 1.25 1.35 21.31.30 1.30 1.34 1.25 1.35
Yellow 1 12.90 12.75 12.95 13.08 13.05 12.80 13.1013.15 13.15 1295 12.95 12.90 12.85 12.95 12.90
Color 5 14.05 13.90 14.05 14.10 13.90 14.00 14.10 4.0 14.10 14.00 13.95 14.00 14.10 14.00 14.10
Viscosity 1 52.84 52.40 52.61 53.01 51.89 52.17 85H2. 52.26 53.17 5250 52.44 52.66 52.62 52.62 52.71
(centipoise) 5 61.02 59.22 61.10 65.95 58.21 58.4461.10 59.04 66.40 60.70 59.87 60.10 60.90 58.50 0062.
Em 1 2.65 2.46 2.80 3.82 2.44 2.50 2.72 2.48 391 226262 2.67 2.71 2.45 2.93
at 232 nm 5 5.40 4.95 6.10 9.00 4.80 4.84 6.10 4.859.01 5.25 5.00 5.10 5.80 4.80 6.25
E 1 0.72 0.65 0.91 1.53 0.63 0.62 0.90 0.63 175 10.70.71 0.70 0.73 0.63 0.75
at 268 nm 5 1.56 1.41 1.70 2.05 1.38 1.37 1.65 1.382.08 1.50 1.49 1.50 1.62 1.37 1.70
C18:2/C16:0 1 0.207 0.215 0.207 0.201 0.217 0.215 .200 0.214 0.190 0.206 0.211 0.209 0.209 0.212 70.20
Ratio 5 0.167 0.177 0.163 0.154 0.178 0.183 0.163 .1810 0.135 0.173 0.175 0.174 0.166 0.182 0.160
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Figure 3. Contour maps of the effects of OR and OS at aptintevel of CA on AnV, PV, IV and FFA after 5 dayk
frying (Levels of CA for A=0.025%, B=0.026%, C=0%% and D=0.043%).

oil. The only difference is that absorbance at 26&hso OR had highly significant R<0.001) effects on FFA,
measures ketones, particularly diethylenic ketoméséch  absorbances at 232 and 268 nm and the C18:2/C16:0
are not monitored by An¥? ratio. OR was highly significantP0.01) on AnV, IV,
polymer content, yellow colour and viscosity, ang-s
Optimizing the physico-chemical properties of theBB nificant (<0.05) on PV and red colour. OR, in the
palm olein after day 5 of frying second order term, in fact, produced highly sigaffit
The regression coefficients for all the physico-cleain  (P<0.001) effects on the FFA content, absorbancesat 2
parameters of the oil for five days’ frying of ptwachips nm and the C18:2/C16:0 rati®<0.01). Similarly, the
are summarized in Tables 9 and 10. The high coeiffisi level of OS had highly significantP€0.001) effects on
of determination (B indicated that the regressions fitted FFA content and absorbance at 268 nm. The secoed ord
the data well and could, therefore, be used fodiptien  terms of OS also produced a highly significant @ffe
and optimization of the antioxidant mixtures. Afle  (P<0.001) on FFA content and absorbance at 268 nm
parameters had °R-0.90, with FFA content having the (P<0.01). SignificantR<0.05) effects of OS were seen
highest value (0.994), followed by™&., at 268 nm on absorbance at 232 nm, viscosity, C18:2/C16:®,rat
(0.990), B, at 232 nm (0.975) and the C18:2/C16:0AV, IV and polymer content.
ratio (0.972). The Rvalues for AnV, PV, IV, polymer CA alone only had a significant effect on FFA
content and viscosity were 0.945, 0.904, 0.9616@#nd  (P<0.01) and absorbance at 268 rPx@.05). No effect
0.961, respectively, while red and yellow coloussii®¥  of the second order term for CA was found. Howetles,
of 0.932 and 0.903, respectively. Any #0.75 is con- interaction between CA and OS gave a significant

sidered sufficiently accurate for predicting themtes in  (P<0.05) effect on absorbance at 268 nm and the €18:2
oil quality %%’ C16:0 ratio. Tables 9 and 10 also show that, exfmpt

From the tests of significance, OR and OS veeree AV and yellow colour, the interaction between ORJlan

again found to be the most important factors infieg ~ OS Was significant R<0.01) for all the parameters

all the physico-chemical characteristics (Tables@0),  €x@mined. Figure 3 shows the response contoutbriee
Py ( ) the parameters examined - AnV, PV, IV and Freg fatt
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Figure 4. Contour maps of the effects of OR and OS at optinevel of CA on polymer content, colors &
viscosity after 5 days of frying (Levels of CA forr8.034%, B=0.025%, C=0.025% and D=0.025%).

acids (FFA). Figure 4 gives the contours for polyme For IV and FFA, the CA levels for the optimum com-
content, colours and viscosity, while the contdiarsab-  binations were slightly higher - 0.073% OR, 0.078%
sorbances at 232 and 268 nm are shown in Figure &nd 0.049% CA and 0.065% OR, 0.0714% OS and
Except for yellow colour, the contours clearly iratiethe  0.043% CA, respectively. For polymer content, G%/7
optimum combinations for all the parameters - dthim OR, 0.064% OS and 0.034% Ca were required (Figure 4
the ranges of the antioxidants used. For manyhef t From Figure 4, the optimum combinations for redoool
responses, using only a moderate level of antioiida and viscosity were 0.069% OR, 0.071% OS and 0.025%
sufficed to produce the optimum points. For AnMan CA, and 0.070% OR, 0.065% OS and 0.025% CA,
PV, the optimum antioxidant combinations were 0%61 respectively, and for absorbances at 232 and 268 nm
OR, 0.070% OS and 0.025% CA, and 0.067% OR(.069% OR, 0.076% OS and 0.037% CA, and 0.069%
0.062% OS and 0.026% CA, respectively. OR, 0.066% OS and 0.042% CA, respectively.

Table 9. Regression coefficients,* and P of F value As mentioned earlier, FFA was the most impurta
for AnV, PV and IV, polymer content and colours dependent variable, giving the highetRlue to natural
RBD palm olein after 5 days of frying antioxidants after 5 days’ frying. To verify thesudts, a
frying experiment was run using the optimum com-

FFA  E'imat  E'imat  Viscosity  pination for FFA (0.065% OR, 0.071% OS and 0.043%
232 nm 268 nm . . .
CA). The physico-chemical changes of RBD palm olein
Bo 0.33 4.57 1.36 58.50 , . . .
intercept after 5 days’ frying were compared with predicteatad
B S0.77** S18.11%%*  -3.17%** -31.54** from the Echip software (Table 11). There was a very
B, -0.66***  -16.24**  -2.36*** -28.95** high correlation (R= 0.999) between the two data sets,
Bs -0.49** -2.17 -1.29* -11.15 and thus the optimization study once again suppbgs
Bio 3.80* 295.00*  38.82** 386.25* use of RSM for predicting the levels of naturaliant
Bis -1.07 -1.57 -0.61 -195.99  oxidants to be added to RBD palm olein for frying.
B2z -0.41 -243.33 -35.69* -324.83
B2 18.84*  307.77* 5834  611.50*  cgnclusion
2
P2 i‘ll-gg*** 3395352;5;; 5261;';* G%Aé'g%; The addition of OR, OS and CA effectively retardid t
R32 0'994 0’975 0' 990 6961 deterioration of RBD palm olein over five days ofifg
P of E 00 0.002 00 0005 Potato chips. C18:2 and C16:0 were the most inapbrt

Subscripts: 1 = OR extract; 2 = OS extract; 3 = &A= significant

at 0.01 level; *= significant at 0.05 level

fatty acids contributing the changes in the oillqyafter
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Table 10. Regression coefficients?nd P of F-values for FFA, adsorbances at 2328Bchm, viscosity and

C18:2/C 16:0 ratio

AnV PV v Polymer Red Yellow
Content Colour Colour
Bo (intercept) 43.35 5.44 46.57 1.35 1.28 14.05
B: -37.32** -18.63* 21.64* -2.06** -0.37* -1.31**
B2 -39.26** -19.47* 16.18** -1.87** -0.29* -0.76*
Bs -28.65 0.04 11.28 -0.73 -0.76 0.15
Biz 338.57 440.51* -241.36* 33.88* 1.12* -3.24
Bis -136.22 -0.67 42.00 -5.28 5.68 13.00
B2s -68.19 -234.99 275.96 16.23 -0.42 0.18
B 1056.05* 352.29 480.45* 45.05* 10.15* -6.93
B’ 842.64* 424.87 -328.67* 46.80* 8.54 1.99
By 964.49 710.04 -308.91 67.70 -6.07 -33.93
R? 0.945 0.904 0.961 0.960 0.932 0.903
P of F 0.011 0.041 0.005 0.005 0.019 0.043
Table11l. Predicted vs. experimental physico-chemical  References
characteristicsof RBD palm olein with optimal com- 1. Grandgirard A, Sebedio JL, Hemy J. Geometrical
bination treatment after 5 days of frying isomerization of linoleic acid during heat treatmnef
vegetable oils. J Am Oil Chem Soc 1984; 61:1563-1568
Characteristic Predicted Experimental 2. Sebedio JL, Prevost J, Grandgirard A. Heat treatroe
Peroxide value 529 5 22 vegetable oils. 1. GC-MS and GC-FTIR Spectra of
(meg/kg) Some Isolated Cyclic Fatty Acid Monomers. J Am Oil
Anisidine 42.42 42.96 Chem Soc 1987; 64: 1324-1333.
value 3.  Ruiz-Gutierrez V, Muriana FJG. Effect of ingestioh
lodine value 47.13 47.29 thermally oxidized frying oil on desaturase actestand
(g L/100g oil) fluidity in rat-liver microsomes. J Nutr Biochem 98
Free fatty acid 0.31 0.31 3: 75-79.
(%) 4.  Sheehy PJA, Mourissey PA, Hyun A. Consumption of
Polymer content 1.32 1.39 thermally-oxidized sunflower oil by chicks reducgs
(%) tocopherol status and increases susceptibilityissties
C(()r'ggfunit) 1.25 1.19 to lipid oxidation. Br J Nutr 1994; 71: 53-65.
Colour 14.00 13.90 5. ;:l; Ji;, Lt_ae dYW_.t Vl_tamén Ci fupplimen_tatlon r_esto][ez
(vellow unit) > impaired  vitamin sau's o. guinea pigs fe
Viscosity 5775 58.20 oxidized frying oil. J Nutr 1998; 128: 116-122.
6. Alexander JC. Biological properties of heated dieter
EY%, 4.6 4.30 fats. In: Fuirley JW, Schwass DE, eds. Xenobiotics
at 232 nm food and feed. no.8. New York: American Chemical
El%lcm at 1.29 1.36 Society, 1983; 129-148.
268 nm 7. Clark WL, Serbia GW. Safety aspects of frying fatsl
C 18:2/C 16:0 0.189 0.183 oils. Food Technol 1991; 45 (2): 84-90.
ratio 8. Hayam I, Cogan U, Mokady S. Enhanced peroxidation
R?= 0.999,%Mean of three replication of proteins of erythrocyte membrane and of muscle
tissue by dietery oxidized Oil. J BioSci Biotechnol
frying. RPvalues for C18:2 n-6 and C16:0 after 5 d of Biochem 1997; 61: 1011-1012.
frying were 0.946 and 0.825, respectively. Fori-opt 9. Hageman G, Kikken R, Ten Hoor F, Kleinjans J.
mizing the amounts of antioxidants to be added, the Assestment of mutagenic activity of repeatedly used
C18:2/C16:0 ratio was the best predictor as diter o i'ettep_glijt frﬂng,fe,‘tts- N('j“tattheS %9]?8; 204(; 5,?3"?_'95
V fr C e . Kitts DD. Toxicity and safety of fats and oiln:IHui
days’ frying, all the three antioxidants had a digant YH, ed. Baileys Industrial Oil and Fat Product§, .
effect on the ratio as given by the second ordengo N o . i
- ew York: Wiley-Interscience, vol 1, 1996; 215-280.
Th?re _Were also cl_ear Sy”erg's“c _effects between th 11. Addis PB. Occurrence of Lipid Oxidation Products in
anti-oxidants on this fatty acid ratio. Based oe t Foods. J Food Chem.and Toxicol 1986; 24: 1021-1030
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palm olein for protection during frying. oil. J Nutr Sci Vit 1981; 27:17-21.
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