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ABSTRACT: The effects of antioxidants on the changes in
quality characteristics of refined, bleached, and deodorized
(RBD) palm olein during deep-fat frying (at 180°C) of potato
chips for 3.5 h/d for seven consecutive days in five systems were
compared in this study. The systems were RBD palm olein with-
out antioxidant (control), with 200 ppm butylated hydroxy-
toluene (BHT), 200 ppm butylated hydroxyanisole (BHA), 200
ppm oleoresin rosemary, and 200 ppm sage extract. Fried oil
samples were analyzed for peroxide value (PV), thiobarbituric
acid (TBA) value, iodine value (IV), free fatty acid (FFA) content,
polymer content, viscosity, E1%] em at 232 and 268 nm, color,
fatty acid composition, and C,5.,/C;,.o ratio. Sensory quality of
the potato chips fried in these systems prior to storage was also
evaluated. The storage stability of fried potato chips for 14 wk
at ambient temperature was also determined by means of the
TBA values and sensory evaluation for rancid odor. Generally,
in the oil, oleoresin rosemary gave the lowest rate of increase of
TBA value, polymer content, viscosity, E'*, _ at 232 and 268
nm compared to control and three other antioxidants. The order
of effectiveness (P < 0.05) in inhibiting oil oxidation in RBD
palm olein was oleoresin rosemary > BHA > sage extract > BHT
> control. Prior to storage, the sensory evaluation of fried potato
chips for each system showed that there was no significant (P >
0.05) difference in terms of flavor, odor, texture, and overall ac-
ceptability. The same order of effectiveness (P < 0.05) of antiox-
idants was observed for storage stability study of fried potato
chips by TBA values. However, there was no significant (P >
0.05) difference in sensory evaluation for rancid odor during
storage periods.
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Deep-fat frying is one of the most commonly used procedures
for preparation and manufacture of foods throughout the
world. Lipid oxidation is one of the major deteriorative reac-
tions in frying oils and fried foods, and often results in a sig-
nificant loss of quality (1). It is well known that lipid oxida-
tion can lead to changes in functional, sensory, and nutritive
values and even the safety of fried foods (2,3). Generally,
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these changes reduce consumer acceptance of oxidized prod-
ucts. Antioxidants are added to fats, oils, and foods contain-
ing fats to inhibit the development of off-flavors arising from
the oxidation of unsaturated fatty acids. However, the com-
mercial use of synthetic antioxidants is strictly controlled, and
increasing consumer awareness of food additives and safety
have prompted increased interest in the use of natural antiox-
idants as alternatives to synthetic compounds (4).

Extracts of many plants have been reported to have vary-
ing degrees of antioxidant activities in fats and oils (5,6).
Many herbs and spices have been shown to possess antioxi-
dant activity, mainly through the pioneering efforts of
Chipault and co-workers (7). Results of these studies indi-
cated clearly that the majority of the spices tested possessed
some antioxidant activity, with rosemary (Rosemarinus offic-
inalis L.) and sage (Salvia officinalis L.) being the most po-
tent.

Refined, bleached, and deodorized (RBD) palm olein was
used in this study because of its major commercial role in
deep-fat frying (8). The study entailed an evaluation of the
effectiveness of two commercially available natural antioxi-
dants, oleoresin rosemary and sage extract, in comparison
with two commonly used synthetic phenolic antioxidants,
butylated hydroxyanisole (BHA) and butylated hydroxy-
toluene (BHT), during the intermittent deep-fat frying of
potato chips.

The effectiveness of synthetic antioxidants in retarding
RBD palm olein deterioration has been reported in many pa-
pers, but there have been very limited reports on the frying
performance of RBD palm olein in the presence of natural an-
tioxidants. Therefore, the primary objective of this study was
to assess the frying performance of RBD palm olein treated
with natural antioxidants in comparison with synthetic antiox-
idants. A secondary objective was to study the oxidative sta-
bility and organoleptic quality of the fried potato chips pro-
duced in these systems.

MATERIALS AND METHODS

Materials. RBD palm olein (Elaeis guineenis var. tenera) was
obtained from a local refinery. Oleoresin rosemary
(Herbalox® Brand, Type O) and sage extract (Herbalox® Sea-
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soning, Type S-O) were gifts from Kalsec Inc., Kalamazoo,
MI (Gulf Chemicals Sdn. Bhd., Petaling Jaya, Malaysia).
BHA and BHT were obtained from Sigma Chemical Co. (St.
Louis, MO). Potatoes (Russet var.) were bought from a local
supermarket. All chemicals and solvents used were of analyt-
ical grade unless otherwise specified.

Fresh potatoes were peeled and sliced to a thickness of 2 mm
using a mechanical slicer. They were kept submerged in distilled
water at room temperature. They were then slightly blotted dry
with tissue paper before weighing into 100 g batch for frying.

Frying experiments. Frying experiments were carried out
in various systems that contained: RBD palm olein without
antioxidant or control (System I); RBD palm olein with 200
ppm BHT (System II); RBD palm olein with 200 ppm BHA
(System III); RBD palm olein with 200 ppm oleoresin rose-
mary (System IV); and RBD palm olein with 200 ppm sage
extract (System V). Frying experiments were conducted in
two replicates on each system.

RBD palm olein (4.5 kg) was put into a Valentine batch
fryer (Type: T4, Valentine Equipment Ltd., Reading, United
Kingdom). The temperature was brought up to 60°C, then 200
ppm of BHT, BHA, oleoresin rosemary, or sage extract was
added in systems II, III, IV, and V, respectively. The oil was
stirred for 10 min to ensure dissolution of antioxidant. In the
case of system I (control), the oil also was held for 10 min at
60°C, although no antioxidant was added. The temperature
was then raised to 180°C during 20 min. Frying started 20
min after the temperature had reached 180°C. A batch of 100
g raw potato chips was fried for 2.5 min at 17.5 min intervals
for a period of 3.5 h per day for seven consecutive days. This
is equivalent to 10 fryings per day and 70 fryings for seven
consecutive days. The fryer was left uncovered during the fry-
ing period. At the end of the tenth frying, the fryer was
switched off and the temperature was allowed to drop to
60°C. Oil samples for analysis (120 g) were collected in
amber bottles at 60°C for further analyses. All samples were
stored under nitrogen at 4°C. Analysis of oil was carried out
immediately after the frying experiment and completed
within 2 wk. The lid of the fryer was then put on and the oil
was allowed to cool overnight. The frying was continued the
next day. Fresh oil was not added to the frying vessel. Chips
on the first day of frying (First to tenth batches) were kept for
sensory assessment.

Analyses of oils. The IUPAC (9) methods were employed
for determinations of peroxide value (PV) and ultraviolet ab-
sorbances at 232 and 268 nm. The PORIM (10) test methods
were used for assessment of iodine value, free fatty acid
(FFA) content, and fatty acid composition. A modified thio-
barbituric acid (TBA) test (11) was employed to measure the
extent of oxidation. Oil color was measured in a 1-in. cell in
a Lovibond® Tintometer (Salibury, United Kingdom) (10)
and viscosity was monitored by using a Brookefield viscome-
ter (Stoughton, MA). Polymer content was analyzed accord-
ing to the method of Peled et al. (12). The quality assessments
were monitored across the seven consecutive days of frying.
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Each reported value is the mean of six analyses from two
replications.

Analyses of fried potato chips. The sensory analysis was
used to assess the organoleptic quality of the chips on the first
day of frying by using a nine-point hedonic scale (14). Forty
experienced panelists were selected from students and labo-
ratory staffs of the Faculty of Food Science and Biotechnol-
ogy, Universiti Putra Malaysia. Each sample was coded with
a three-digit random number. Panelists were required to eval-
uate the sensory attributes of the chips, namely, flavor, odor,
texture, and overall acceptability, by giving a score ranging
from 1 (like extremely) to 9 (dislike extremely).

In addition, fried potato chips taken on the first day of fry-
ing were packed in aluminum laminate bags and stored at am-
bient temperature (27-30°C) for storage analysis. During
storage analysis, bags were sampled at the start of the storage
period (Day 0) and at 2-wk intervals for a period of 14 wk.
TBA values and sensory scores for rancid odor were concur-
rently evaluated during these storage periods. For rancid odor
analysis, the chips were presented to a sensory panel compris-
ing 10 trained panelists with previous experience on food ran-
cidity. Before evaluation, chips (10 g) from each system were
transferred from the aluminum laminate package and placed
in 10 transparent glass bottles (30 mL) with screw-capped
lids. The bottles were kept for 1 h in a 50°C regulated oven to
help the odor to develop in the headspace; this preparation fa-
cilitated odor perception by the panelists. Panelists were in-
structed to remove the lid of the bottle and take three short
sniffs. Then they were asked to rate each according to a pre-
determined attribute scale ranging from 0 (bland) to 6
(markedly disagreeable off-flavor, very rancid) (15). Analy-
ses were conducted under red light to mask any color differ-
ences in the chips.

Statistical analysis. Data were statistically analyzed by two-
way analysis of variance procedure using an SAS (16) software
package. Significant differences (P < 0.05) between means
were further determined by Duncan’s multiple-range test.

RESULTS AND DISCUSSION

Characteristics of fresh RBD palm olein used in frying experi-
ments. The initial characteristics of RBD palm olein used in the
study are given in Table 1. The RBD palm olein was of good
quality, as indicated by its initial low PV of 1.55 meq/kg and
FFA content of 0.10%. The fatty acid composition of RBD
palm olein is within the range for Malaysian palm olein (17).
Quality changes in RBD palm olein systems during frying.
The changes in quality parameters of RBD palm olein used
for intermittent frying of potato chips in the presence and ab-
sence of antioxidants are given in Tables 2-5. Table 6 gives
the fatty acid composition of the used RBD palm olein in five
different systems over time. A range of parameters was used
because no one parameter can depict frying life accurately
(18). The oil system without antioxidants (System I) experi-
enced a greater degree of deterioration than oil systems with
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TABLE 1
Characteristics of Fresh RBD Palm Olein Used in Frying Experiments?
Characteristics of the oil Value?
Peroxide value (meq hydroperoxide/kg oil) 1.55+£0.05
TBA value ((moles malonaldehyde/kg oil) 12.94+0.53
lodine value (g of 1,/100 g oil) 56.25+0.21
FFA content (%) 0.10£0.00
Polymer content (%) 0.01 £0.00
E', ., at232 nm® 1.54£0.02
E'"%, o at 268 nm© 0.40 £0.02
Color (red/yellow units) 0.55 £ 0.00R
6.00 £0.05Y
Viscosity (centipoise) 45.13£0.13
Fatty acid composition (%)
Ciro 0.29+0.01
Ciao 1.17 £0.01
Cioo 41.13£0.07
Cig0 4.1140.01
Cign 43.35+0.08
Ciga 9.72£0.02
Others 0.23+£0.00
Ci5.0/Cig:0 ratio 0.24 £0.00

aRBD, refined, bleached, and deodorized; TBA, thiobarbituric acid; FFA, free
fatty acid.

bEach value is the mean of three analyses of one sample.

“Not corrected for triglyceride absorption.

antioxidants (Systems II, III, IV, and V). The extent of oil dete-
rioration was best reflected in the changes in peroxide and TBA
values, polymer content, viscosity, El%1 m a1 232 nm and 268
nm, and C,;,/C,,., ratio. The iodine value, FFA content, and
color also provided supporting evidence for the extent of oil
deterioration, although the changes in these values were not as
apparent as those in the above-mentioned parameters.
Changes in PV and TBA value. The changes in PV and
TBA value during frying are presented in Table 2. The PV
rose and fell during frying, which is the same pattern ob-

served for peroxides in most deep-fat frying studies (19,20).
Peroxides under deep fat frying conditions are unstable and
can break down to carbonyl and aldehydic compounds under
conditions of high heat, air, and light, as present in deep fat
frying operations (21). The results of this study showed that
in System I, the formation of peroxides seemed to increase
rapidly from day O to day 3 of frying, then dropped over the
last 4 d of frying. In Systems II, III, IV, and V, results showed
that there was a marked increase after the first 4 d of frying
but a decrease during the last 3 d of frying. Since high heat
(180 = 5°C) was used on these systems, peroxides formed
during oxidation may have decomposed to secondary oxida-
tion products (15). RBD palm olein with the addition of an-
tioxidants (Systems II, III, IV, and V) had PV that were sig-
nificantly (P < 0.05) lower than those of the control through-
out the duration of the study. Within Systems II, III, IV, and
V, the 200 ppm BHA (System III) and oleoresin rosemary
(System IV) were not significantly (P > 0.05) different from
each other, and the 200 ppm BHT (System II) and sage ex-
tract (System V) were also not significantly (P > 0.05) differ-
ent from each other. However, Systems III and IV had PV that
were significantly (P < 0.05) lower than the PV of Systems II
and V. In general, these results indicated that oleoresin rose-
mary and BHA were more effective in reducing formation of
peroxides in RBD palm olein during frying than sage extract
and BHT. Judging from the PV, the oxidative stability was de-
creased in the order oleoresin rosemary = BHA > sage extract
=~ BHT > control.

TBA values of all systems increased progressively with
the frying time. The TBA test has been widely used as an ob-
jective measure of secondary oxidation products of oils. It re-
lates to the level of malondialdehyde formed during oxida-
tion of lipids. It was assumed that accumulation of these prod-
ucts during consecutive days of frying affected the oil quality

TABLE 2
Changes in Peroxide and TBA Values of RBD Palm Olein During Frying?
System IV System V
Characteristic Day System | (control) System Il (BHT) System Il (BHA) (oleoresin rosemary) (sage extract)
Peroxide value 0 1.53 £0.05%, 1.57 £0.14%; 1.57 £0.10%; 1.57£0.10%, 1.50 £0.09%
(meq hydroperoxide/ 1 13.73 £ 0.33% 7.13£0. 27'“ 5.83 £0.23% 5.70+0. 23C 6.93 £ 0. 37b
kg oil) 2 19.22 +0.38% 11. 17+029b 9.96  0.18% 860+038d 11 03+04ob
3 21.46 £0.50%, 1216+029IO 10.82 £ 0.31¢, 1040+035C 1226+045b
4 20.82 £0.36% 1257+023b 1189+033c 1116+041d 12. 77+o14b
5 18.68 £0.65% 1196+026b 971+028d 903+019e 1106+057‘
6 15.78 £0.323; 922+o35IO 820+018C 750+o410| 937+022b
7 12.82 £0.36% 880+035b 6.53 +027d 720+036C 846+034b
TBA value 0 13.11£0.353, 12.90£0.63%, 13.16 £ 0.89%, 13.24£1.16%, 13.03£0.617,
(umoles 1 30.16 £ 0.75% 27.12+0. 78'“ 24.19£0. 56C 24.91+0.68°; 27.49 £ 0. 70b
malondialdehyde/ 2 44.45 £1.13% 41. 75+082b 39.30£0. 87d 36. 25+090e 40. 57+093L
kg oil) 3 51.34£0.79% 47. o4+027C 48.41 +093b 44, 18+092d 48. 06+028b
4 61.04 £0.96%, 5516+091b 51.91+0. 69C 51.90 £ 0. 76C 54. 70+022b
5 67.07 £0.60° 64.29+£1. 74b 62.64i1.10“c 53.04 £0. 75d 62.91£0. 54‘
6 78.37 £0.73% 74.75+0. 77'O 73.91£0.52¢, 71. 88+054d 73. 54+049C
7 95.49 £0.44°, 80.94 £ 0. 80b 78.85+0.27, 76.13 0. 750' 80.60 £ 0. 22b

9Each value in the table represents the mean * standard deviation of six analyses from two replications. Means within each row with different superscripts
are significantly (P < 0.05) different. Means within each column with different subscripts are significantly (P < 0.05) different. BHT, butylated hydroxy-

toluene; BHA, butylated hydroxyanisole. See Table 1 for other abbreviations.
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TABLE 3
Changes in lodine Value and FFA Content of RBD Palm Olein During Frying?
System IV System V
Characteristic Day System [ (control) System Il (BHT) System Il (BHA) (oleoresin rosemary) (sage extract)
lodine value 0 56.98 £0.15%, 56.47 £0.33%, 56.58 £0.15P, 56.60 £0.27°, 56.46 £0.33%,
(g of 1,/100 g oil) 1 55.33+0.28% 55.510.11%0, 55.70£0.31% 55.60 £ 0.15%°, 55.75+0.32°
2 53.02£0.21 54.53 +0.43° 54.63£0.77° 53.91%0.26° 54.12£0.17%P¢
3 51.47 £0.40, 52.55+£0.18%, 52.25 J_ro.zeb[g 53.14£0477, 52.44 £0.48%,
4 50.11 +0.58% 50.79 £ 0.49°; 51.28+0.53*P, 51.41£0.53*P, 51.78£0.56°
5 48.62 +0.449; 49.23 +0.59%4, 49.77 £0.87¢ 50.72 £0.51% 50.22 % 0.25&5}
6 43.45+0.59° 44.21+0.47° 44.17 £0.88° 45.97 £0.68%; 45.49 £0.33%
7 41.83 £0.56%, 42.74£0.40°, 42.50+0.17°, 43.56 +0.57°, 43.33£0.12%,
FFA content (%) 0 0.10£0.007, 0.10£0.007, 0.10£0.00%, 0.10£0.007, 0.10£0.00%,
1 0.16 £ 0.01% 0.15+0.01° 0.14 £ 0.01°; 0.15+0.01°; 0.15+0.01°;
2 0.24+0.01% 0.20+0.01°; 0.20 +0.03"; 0.20+0.01°, 0.20 +0.00°
3 0.35+0.017% 0.32 +0.00°; 0.32£0.01°; 0.29 +0.02°; 0.34+0.01°;
4 0.45 £0.00°,, 0.45£001% 0.42 £0.01°, 0.41 £0.00, 0.44£0.017,
5 0.57 £0.01%- 0.57 £0.01%P. 0.55+ 0.01%9. 0.54£0.01% 0.56 £0.017¢,
6 0.69 + 0.017% 0.68+ 0.01% 0.66 % 0.01°, 0.65 £0.01°; 0.68£0.01%
7 0.81£0.01%, 0.80£0.01?, 0.77 £0.01¢, 0.76 £0.01¢, 0.79£0.02°,

?Each value in the table represents the mean + standard deviation of six analyses from two replications. Means within each row with different superscripts
are significantly (P < 0.05) different. Means within each column with different subscripts are significantly (P < 0.05) different. See Tables 1 and 2 for abbrevi-

ations.

and were responsible for the development of rancid odors and
off-flavor of the oil. The control (System I) consistently had
the highest TBA values among the five systems throughout
the seven consecutive d of frying. The other treatments, in
order of the level (highest) of TBA value, were BHT = sage
extract > BHA > oleoresin rosemary.

With reference to PV and TBA values in Table 2, it was
clear that in the case of oleoresin rosemary (System IV), the
rates of increase in PV and TBA values were lower than in
the four other systems. The effectiveness of oleoresin rose-
mary and sage extract as lipid antioxidants has been attrib-
uted mainly to their ability to remain stable at high tempera-
ture (22). Commercial rosemary and sage extracts contain
carnosol, carnosic acid, and rosmanol (23) as their primary
phenolic antioxidants that react with lipid or hydroxyl radi-
cals and convert them into stable products (24). The major
antioxidants in these extracts may be protected by other sub-
stances such as flavonoids, found in smaller amounts, which
provide thermal stability and enhanced antioxidative activity
(22). BHA and BHT are commercially available synthetic
phenolic antioxidants, and, as might be expected from their
similar molecular structures, BHA and BHT are similar in
performance relative to PV and TBA values (Table 2).

Changes in iodine value (IV) and FFA content. Changes in
IV and FFA content during seven consecutive days of frying
in all systems are given in Table 3. Iodine value is a measure
of overall unsaturation and is widely used to characterize oils
and fats. Thus, a decrease in iodine value is consistent with
the decreasing number of double bonds in an oil as it becomes
oxidized. The changes in iodine value over 7 d of frying were
15.15,13.73, 14.08, 13.04, and 13.13 g of 1,/100 g oil for Sys-
tems I, II, III, IV, and V, respectively. A significantly (P <
0.05) larger change in iodine value in the control (System I)
compared to the other four systems indicated that the rate of
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oxidation of unsaturated fatty acids was reduced in the pres-
ence of antioxidants. The significantly (P < 0.05) smaller
change in iodine value in Systems IV and V compared to that
of Systems II and III showed that less oxidation of unsatu-
rated fatty acids was taking place in Systems IV and V at a
greater rate. Therefore, the changes in IV showed that both
oleoresin rosemary and sage extract were comparatively more
effective in protecting oxidation of unsaturated fatty acid than
BHA and BHT.

FFA content is a measure of the acidic components in the
oil. Generally, the determination of FFA by titration does not
differentiate between acids formed by oxidation and those
formed by hydrolysis (25). Although the FFA content is an
index of hydrolytic rancidity, it was nevertheless measured,
as free acids contribute to the development of off-flavors and
off-odors in the product. At the end of the frying period, FFA
contents were 0.81, 0.80, 0.77, 0.76, and 0.79% for Systems
L II, IIL, TV, and V, respectively. The increment of FFA con-
tent in oil systems with antioxidants was in the order: oleo-
resin rosemary = BHA < sage extract < BHT. However, the
higher FFA contents of the oil system without antioxidants
compared to those with antioxidants cannot be ascribed to di-
rect antioxidant action. This is because phenolic antioxidants
act by inhibiting oxidation reactions and have no direct effect
on hydrolytic reactions (26).

Changes in polymer content, viscosity, and color. The
changes in polymer content, viscosity, and color of all systems
are presented in Table 4. It is well known that as oxidation of
oil exposed to frying temperatures proceeds, the polymer con-
tent increases (27). Increases in polymer content are due to for-
mation of higher molecular weight substances by polymeriza-
tion (12). The results showed that the polymer content of all
systems increased slowly over the first 5 d of frying, followed
by a marked increase over the last 2 d of frying. It was noted
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TABLE 4
Changes in Polymer Content, Viscosity, and Color of RBD Palm Olein During Frying?
System IV System V
Characteristic Day System | (control) System 1l (BHT) System Il (BHA) (oleoresin rosemary) (sage extract)
Polymer content (%) 0 0.03 £0.01% 0.02£0.01%0, 0.01 £ 0.00° 0.01 +0.00%, 0.01£0.00°,
1 084+003a 0.55 £ 0.02¢ 051+002“| 0.42 £0.02¢ 0.60+0.01%
2 104+006b 105+002b 110005 0.82 £0.02¢; 107+001a%
3 136+004a 128+008b 133+005aﬁ° 118+002C 130+001ab
4 1.80i0.04ﬁD 153+004bD 1.47 £0.08% 13.7+002d 1.38+0.019,
5 2.33£0.07°: 2.02£0.04° 1. 70+002d 1. 74+004d 1. 86+002C
6 3.51+0.04% 324+007b 3.01 +043bC 3. 14+013'°CB 2.90J_r0.04cB
7 5.00+0.14%, 45o+o14b 4.51+0.13°, 3.89+0.189, 429+0.15%,
Viscosity (centipoise) 0 45.33£0.13%, 4533 £0.13%, 4533 £0.13%, 45.08 +£0.13%, 4517 £0.13%,
1 49. 08+013a 48. 08+O13C 47. 67+026dG 47.83+£0.139 48. 67+013."G
2 5042+013b 5042+020b 49.42 £0.139; 50.17 £0.13; 50.75 £ 0.00%;
3 5458+026a 5242+013C 51 5o+022d 52.50£0.22¢; 5308+013b
4 58.75J_r0.00aD 55. 25+027dD 54. 83+013e 55. 58+020C 56.17 0. 13."D
5 64.17 £0.13% 60.83 £0.13 60. 92+013C 60. 5o+022d 61.58+0.13°
6 75.67 £0.13% 71.50 £0. 22C 72.33 0. 13b 68.92 0. 13d 71.33 £0.13
7 82.83£0.13%, 79. 9z+o13b 77. 83+013d 7658+o13e 78.08 £0.13¢,
Color (red units)” 0 0.55R4. 0.80R? 0.75RP 0.80R?; 0.70R%
1 1.10R?%, 1.10R%, 1.10R%; 1.10R%; 1.10R%;
2 1.10R% 1. 10Ra 1. 10Ra 1. 10Ra 1.10R%
3 1.25R% 1 20Rb 1 20Rb 1 20Rb 1.10RS;
4 1.30R?, 1. 30Ra 1 30Ra 1 25R'° 1.20R%,
5 1. 50Ra 1 40Rb 1.47RCC 1. 35Rd 1 25Re
6 1. 65Rb 1.65R% 1.73R% 1. 55RC 1 30Rd
7 2. 20Ra 2. 10Rfﬁ’ 2.15R, 1 80Rd 1 80Rd
Color (yellow units)® 0 6.05Y¢, 8.25Y?, 6.50Y4,, 7.65Y%, 7.30Y¢,
1 11.10Y% 10. 55Yb 11 00Ya 10.75Y% bG 10.05Y%;
2 11 40\(a 11 00\(bc 11. 15\(b 11.00YP¢, 10. 90\/c
3 11. 75Yb 12.20Y2, 12. 30\(a 11.75Y¢, 11. 10\(d
4 13. 45\(a 12, 50Yb 12. 55Y'°D 11.90Y¢, 12. 40\/"D
5 15. 25\(a 14. 45\(b 14.15Y¢¢ 13.15Y¢¢ 13.30Y9.
6 17. 30Yb 18.60Y7, 18.50Y%; 14, 40\(d 16. 40\(C
7 20. 90\(a 20. 65Yiﬁ’ 20.65Y?, 19. 55YC 20. 50\/b

9Each value in the table represents the mean + standard deviation of 6 analyses from 2 replications. Means within each row with different superscripts are
significantly (P < 0.05) different. Means within each column with different subscripts are significantly (P < 0.05) different. See Tables 1 and 2 for abbrevia-

tions.

bThe mean standard deviation in Lovibond color measurements was less than 0.05R and 0.60Y.

that the rate of polymer formation was faster in the oil system
without antioxidants than in oil systems with antioxidants. The
polymer content in Systems II and IIT were not significantly
(P > 0.05) different from each other. Within oil systems with
antioxidants, Systems IV and V showed significantly (P <
0.05) slower formation of polymers than Systems II and III.
System IV showed significantly (P < 0.05) less formation of
polymers compared to the four other systems. Therefore, the
oleoresin rosemary had the strongest effect in retarding for-
mation of polymers during frying, followed by sage extract,
the two synthetic antioxidants (BHA and BHT), and the con-
trol.

There was a noteworthy increase in viscosity with increase
in days of frying (Table 4). The significant (P < 0.05) changes
in viscosity over 7 d of frying were 37.50, 34.59, 32.50, 31.50,
and 33.91 centipoise for Systems I, II, III, IV, and V, respec-
tively. The observed increases in viscosity were due to poly-
merization, which resulted in formation of higher molecular
weight compounds, i.e., carbon-to-carbon and/or carbon-to-

oxygen-to-carbon bridges between fatty acids (30). The con-
trol had a consistently higher level of viscosity among the five
systems during frying, and other systems in order of the size
of viscosity increase were BHT > sage extract > BHA > oleo-
resin rosemary.

The red and yellow color of oil systems increased signifi-
cantly (P < 0.05) throughout the seven consecutive days of
frying (Table 4). The color of frying oil darkens during frying,
as a result of oxidation and formation of browning pigments
from the potato chips (12,18). At the end of the frying period,
the red (R) and yellow (Y) color units were 2.20R, 20.90Y;
2.10R, 20.65Y; 2.15R, 20.65Y; 1.80R, 19.55Y; and 1.80R,
20.80Y for Systems I, II, III, IV, and V, respectively. The re-
sults showed that System IV (200 ppm oleoresin rosemary)
was significantly (P < 0.05) darkened at a less rapid rate than
the four other systems. This can be explained by the lower
polymer content and viscosity across the seven consecutive
days of frying.

Augustin et al. (29) reported that darkening of palm olein
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TABLE 5
Changes in E'”  at 232 and 238 nm and Ratio of C,g.,/C,., of RBD Palm Olein During Frying®
System IV System V
Characteristic Day System | (control) System Il (BHT) System Il (BHA) (oleoresin rosemary) (sage extract)
E'"%, .y at 232 nm? 1.63 £0.03% 1.60 £ 0.08%; 1.64 £0.11%; 1.65 £0.14% 1.62 £0.08%;
3.94+0.10%, 2.88+0.17 2.36 +0.044; 3.42+0.71° 3.37+£0.12b;
9.38+0.22% 6.92£0.21% 5.22+0.15% 4.76 £0.16%; 6.43 +£0.195
16.63 £ 0.25%; 10.79+0.31° 10.33 £0.04, 8.99+0.219, 10.78 £ 0.23°

16.70+0.41%
16.58 £0.48%,
16.72 £0.23%,
17.23£0.27%,

11.15£0.49°
11.13 £0.27°¢
11.86 +0.19%,
12.85+0.19°,

E'"%, .y at 268 nm® 0.40 £0.04% 0.40 £0.07%
1.80+0.10% 0.84 +0.08;
1.85+0.12% 1.46 +0.05%
2.94+0.19% 1.59£0.09°;
3.3340.20°, 1.62 +£0.05°,
3.64£0.27° 1.83 +0.06%
3.85+0.21% 2.83+0.13b,
4.26+0.197, 3.53+0.27°,

Ci8:2/Ce0 ratio

NOUh, WN =0 NOU S WN=0 NOOUu b WwWN=0

0.243 £0.003"
0.206  0.003%,
0.181 £0.0039-
0.149 0.005%,
0.136 £0.002%
0.097 +0.0015
0.081 £0.006%
0.061+0.001¢,

>

0.245 £0.012°,
0.219£0.001°,
0.199 £0.003¢
0.185 £0.013°
0.177 £0.004°
0.158 +0.007°;
0.155 £0.003",
0.138 +0.008%

10.43 +£0.29
10.79£0.14%
11.03 £ 0.16%;
11.35£0.119,

0.40 £0.05%,
0.68 0.084-
1.00 £ 0.079¢
1.23 £0.05%
1.34+0.04
1.77 £0.03%
2.05+0.104;
3.08 £0.12,

0.240 £0.003",
0.232 +0.005%
0.213 £0.005°
0.196 + 0.003%,
0.173 +0.002°

0.162 J_ro.oo3ai’F

0.148 +0.002°;
0.129 +0.007°,

10.19 +£0.22
10.31£0.08-
10.72 £0.23¢
11.08£0.11¢,

037£0.03,
0.76 £0.079
0.82+0.01°
0.92 +0.03¢;
133 £0.06%,
1.46 +£0.039:
1.63 £0.03%,
1.93£0.119,

0.237 £0.005",
0.233£0.006%
0.227 £0.008%
0.199 £0.005%
0.187 £0.001%,
0.168 +0.0007
0.165 £ 0.000%;
0.137 £0.001%

11.11£0.18"¢
11.12£0.175
11.45 +0.09
12.43 £0.13,

0.38+0.02%
1.15£0.05°
129+0.11%
1.42£0.19°%
1.46 £0.19°
2.33£0.07%
2.36+0.10%
3.02£0.17%,

0.255 £0.001%,
0.226+0.011%5,
0.193 £0.009¢
0.190 £ 0.001&%C
0.180 £0.002°,,
0.163 £0.006%
0.149 £0.004<;
0.132 £0.004b

9Each value in the table represents the mean * standard deviation of six analyses from two replications. Means within each row with different superscripts
are significantly (P < 0.05) different. Means within each column with different subscripts are significantly (P < 0.05) different. See Tables 1 and 2 for abbrevi-

ation.
bNot corrected for triglyceride absorption.

could not be solely linked to oxidative deterioration of oil.
Although the darkening of oil is an undesirable characteristic,
care must be exercised when relating color development in
RBD palm olein to oxidative deterioration of the oil. There-
fore, it is not accurate to evaluate the oil quality by monitor-
ing the changes in color alone.

Changes in E'", _ at 232 and 238 nm. The changes in
E]%1 om 4t 232 and 268 nm across seven consecutive days of
frying are shown in Table 5. Oxidation of polyunsaturated
fatty acids is accompanied by increased ultraviolet absorp-
tion. The magnitude of change is not readily related to the de-
gree of oxidation, because the effects upon the various unsat-
urated fatty acids vary in quality and magnitude. However,
the changes in El%l om at 232 and 268 nm of a given sub-
stance can be used as a relative measurement of oxidation
(30). Unlike the peroxide value, E'*| _at 232 nm—which
also measures the degree of primary oxidation—shows a
trend of increasing diene content with progress in frying times
for all systems. The change in the El%1 om 4t 232 nm during
the first 3 d of frying showed that a large amount of conju-
gated dienes was formed. After 4-7 d of frying there was,
however, only a negligible increase in the content of conju-
gated dienes in the oil systems; this can be explained by an
equilibrium between the rate of formation of conjugated di-
enes and the rate at which those compounds formed polymers
(12). Moreover, the data obtained for the oil’s viscosity and
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content of polymers support for the same periods of frying
this assumption (Table 4). In this study, the oil systems with
antioxidants showed significantly (P < 0.05) less formation
of conjugated dienes compared to the oil system without an-
tioxidants (control). The El%1 om at 232 nm of the oil after 7
d of frying was lowest in System IV. The lower E! %1 om At 232
nm may be related to the corresponding lower increase in vis-
cosity and polymer content in System IV. Within Systems II,
II1, and V, System III showed significantly (P < 0.05) less for-
mation of conjugated diene, followed by Systems V and II.

The E!% | om at 268 nm, which is an indicator of the forma-
tion of conjugated triene, increased significantly (P < 0.05)
across the 7 d of frying in all systems (Table 5). At the end of
the frying period, changes in El%l om 4t 268 nm were 4.26,
3.53,3.08, 1.93, and 3.02 for Systems I, I, III, IV, and V, re-
spectively. The changes in the El%l om 4t 268 nm paralleled
the changes in El%1 em 4t 232 nm. According to Peled er al.
(12), besides dienes, trienes could also form polymers during
frying. These results, like those for peroxide values and E]%l
om 4t 232 nm, indicate that the stabilizing effect of antioxi-
dants on RBD palm olein was in the order: oleoresin rose-
mary > sage extract = BHA > BHT.

Changes in fatty acid composition and C;4.,/C,s.,. The
changes in fatty acid composition of oil systems across 7 d of
frying are given in Table 6. It was found that there was a de-
crease in both linolenic acid (C,4.5) and linoleic acid (Cg.,),
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TABLE 6
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Fatty Acid Composition for Systems 1, II, Ill, IV and V during Frying

Fatty Acids (%)?

System  Days of frying  Cy,, Ciao Cieo Cigo Cig Cign Cias
| 0 0.29 1.18 41.14 3.90 43.24 10.00 0.25
(control) 1 0.39 1.43 42.33 3.91 43.06 8.72 0.16
2 0.31 1.28 42.50 3.94 44.20 7.68 0.10
3 0.35 1.16 43.54 4.32 44.10 6.50 0.02
4 0.26 1.21 43.80 4.82 43.96 5.94 —
5 0.37 1.52 46.88 4.50 42.24 4.48 —
6 0.38 1.38 46.27 4.77 43.43 3.76 —
7 0.41 1.43 48.19 4.49 42.55 2.93
1l 0 0.25 1.06 40.22 4.18 44.23 9.83 0.23
(BHT) 1 0.27 1.14 41.48 4.16 43.67 9.09 0.19
200 ppm 2 0.35 1.27 42.98 4.10 42.58 8.57 0.14
3 0.41 1.41 43.94 4.07 41.92 8.10 0.15
4 0.31 1.29 42.98 4.19 43.51 7.59 0.12
5 0.46 1.50 45.62 4.23 41.05 7.07 0.09
6 0.32 1.33 43.78 4.20 43.47 6.90 —
7 0.36 1.34 45.44 4.26 42.34 6.25 —
11 0 0.39 1.33 41.74 3.82 42.60 10.12 0.26
(BHA) 1 0.28 1.10 40.64 3.98 44.36 9.44 0.20
200 ppm 2 0.28 1.17 41.45 3.85 44.25 8.85 0.16
3 0.29 1.14 42.03 4.03 4417 8.23 0.12
4 0.28 1.23 42.98 4.01 43.99 7.44 0.08
5 0.30 1.26 43.08 4.40 43.94 6.96 0.07
6 0.28 1.24 43.63 4.41 43.97 6.46 —
7 0.40 1.51 46.39 4.27 41.45 5.89 —
\Y% 0 0.34 1.29 41.61 4.01 42.64 9.88 0.23
(oleoresin 1 0.31 1.19 41.08 3.91 43.74 9.56 0.21
rosemary) 2 0.26 1.12 41.00 3.80 44.32 9.31 0.18
200 ppm 3 0.36 1.27 42.27 4.27 42.75 8.49 0.14
4 0.32 1.27 43.19 4.00 43.02 8.09 0.11
5 0.35 1.36 45.39 4.04 41.27 7.50 0.09
6 0.27 1.17 43.25 4.21 43.96 7.14 —
7 0.56 1.53 45.64 4.15 41.87 6.25 —
V 0 0.25 1.17 39.77 4.10 44.34 10.14 0.24
(sage extract) 1 0.28 1.13 41.03 4.30 43.90 9.26 0.20
200 ppm 2 0.29 1.25 42.97 4.07 42.97 8.29 0.17
3 0.30 1.27 42.09 4.52 43.71 7.98 0.13
4 0.28 1.17 43.17 4.26 43.21 7.78 0.12
5 0.34 1.30 44.76 4.31 41.93 7.28 0.10
6 0.29 1.21 44.41 4.39 43.07 6.63 —
7 0.36 1.44 46.26 4.47 41.36 6.11 —

“Mean of four analyses from two replications. See Tables 1 and 2 for abbreviations.

whereas palmitic acid (C,,,) increased with frying time.
From Table 6, the decreases in C, g:p ACTOSS seven consecutive
days of frying were 7.07, 3.57, 4.23, 3.63, and 4.03% for Sys-
tems I, II, III, IV, and V, respectively. The results showed that
the decrease in C ., was higher in System I as compared to
the four other systems. The decrease in C 4., was mainly due
to the oxidation of unsaturated fatty acid into primary and
secondary oxidation products, which decreased the percent-
age of unsaturated fatty acid composition.

Linoleic acid and palmitic acid are usually used as indica-
tors of the extent of fat deterioration because linoleic acid is
more susceptible to oxidation, whereas palmitic acid is more
stable toward oxidation. Therefore, the ratio of C18:2/C16:0
was also used to indicate the degree of oxidative deteriora-

tion of frying oil. The ratios of C5.,/C,., are presented in
Table 5. In all of the oil systems, these ratios declined rapidly
across the 7 d of frying. These results showed that the overall
rate of oxidation of C 4., was reduced in the presence of an-
tioxidants.

Sensory evaluation of fried potato chips. The results of sen-
sory evaluation of potato chips are given in Table 7. The sen-
sory results showed that there were no significant (P > 0.05)
differences in organoleptic qualities of potato chips fried in
five different systems. These sensory results showed that, al-
though the natural flavors of oleoresin rosemary, and sage ex-
tract are not compatible with the chips’ flavor profile, it must
be subliminal to be pleasant at low usage level (200 ppm).
Sensory evaluation was employed to assess the effect of an an-
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TABLE 7
Sensory Scores of Fried Potato Chips Prior to Storage?

Sensory attributes System | (control)  System Il (BHT)? System Il (BHA) System IV (oleoresin rosemary) ~ System V (sage extract)
Flavor 3.89% 3.68% 4.24% 3.90° 4.10°
Odor 3.89% 3.68% 3.78% 3.49% 3.78%
Texture 3.95% 3.49° 3.76% 3.49% 3.93%
Overall acceptability 4372 3.68% 4.122b 3.49P 3.80%

“Mean of 40 observations. Means within each row with the different superscripts are significantly (P < 0.05) different. Evaluation scale: 1 (like extremely) to 9
(dislike extremely).
bSee Tables 1 and 2 for abbreviations.

TABLE 8
TBA Value of Fried Potato Chips During Storage Study

TBA values (umoles malonaldehyde/kg sample)?

Storage period (wk) System | (control) System Il (BHT)  System Ill (BHA)  System IV (oleoresin rosemary)  System V (sage extract)
0 13.25£0.57%, 12.35+0.61%, 13.22+0.73%, 12.39 £ 0.46°,, 12.93£0.81%°,
2 25.60 £ 0.65% 2082+071’D 18.56 +0.48¢ 1545+059dG 18.99+1.11¢;
4 33.95£0.65% 2412+034b 22. 50+031C 21.38+1.16% 24.05+1. 18'O
6 35.46 £0.78%; 28.85+0. 62b 25.49 £ 0. 75d 25211 ozd 27. 34+0306
8 40.30 £0.44%, 33.62 +O46bD 29.14+2. 42‘ 27.58 0. 65dD 33. 22+059bD
10 57.52 £0.89°: 35.97 £0.59°  33. 40+039C 31.78 £1.219¢ 35.14+1.03°
12 71.14 £1.27%, 38.78 £ 1 05C 38.64 £ 0. 83c 36.87 £ 0. 94d 41 20+099b
14 85.04 +0.94%, 56.05 + 0. 74’D 50.56+ 1. 54d 44, 05+049e 53.59+0. 78L

4Mean of three analyses. Means within each row with the different superscripts are significantly (P < 0.05) different. Means within each column with the dif-

ferent subscripts are significantly (P < 0.05) different. See Tables 1 and 2 for abbreviations.

tioxidant on the flavor, odor, texture, and overall acceptability
of fried potato chips. Although somewhat subjective, sensory
evaluation remains the ultimate measure of rancidity, as no
combination of chemical or physical tests is currently capable
of assessing the composite sensory attributes of a food (15).

Oxidative stability of fried potato chips during storage.
Potato chips were analyzed for oxidation using TBA test and
rancid odor evaluation. In the study, statistical analysis of TBA
values and sensory scores for rancid odor both showed signifi-
cant (P < 0.05) effects of treatments and storage times. The
changes in TBA values of fried potato chips stored under am-
bient temperature are presented in Table 8. Results indicated
that the TBA value of all systems increased significantly (P <
0.05) after only 2 wk of storage. As shown in Table 8, all sys-
tems with antioxidants yielded lower TBA values than did the
control throughout the storage period. Although each antioxi-
dant offered protection, the oleoresin rosemary was most ef-
fective (P < 0.05) in retarding oxidation, followed by BHA,
sage extract, and BHT.

TABLE 9

Results of rancid odor evaluation of potato chips during
storage at ambient temperature are presented in Table 9. Gen-
erally, changes of sensory scores for rancid odor over time
agreed with changes in TBA values for all oil systems. How-
ever, there was no significant (P > 0.05) difference in sensory
scores within the five systems during storage periods. This
may due to the strong flavor of fried potato chips, which may
have prevented the panel from accurately assessing varying
degrees of oxidation among storage periods.

When sensory panel data were compared with chemical
measurements of oxidation, it was observed that the panel did
not detect the presence of rancid notes although TBA values
indicated that there was a rapid increase in oxidation. The ab-
sence of rancidity notes and the lack of correlation between
TBA values and sensory panel data have been observed in
other studies in which TBA was the major method of measur-
ing oxidation (31).

The results of this study have shown that the addition of an-
tioxidants to RBD palm olein improves its oxidative stability

Sensory Scores for Rancid Odor of Fried Potato Chips Stored Under Ambient Temperature?

Storage period (wk) System | (control) System Il (BHT) ~ System lll (BHA)  System IV (oleoresin rosemary) ~ System V (sage extract)
0 0.20%- 0.20% 0.10%: 0.00%; 0.10%:
2 0.60% 0. 4an ; 0. 403% 0. 2oaD ‘ 0. 40a
4 1.8028 0.90°% 1.40% 0. BOEC,D 1. 0035,C
: 10 Tt e a0t ot
'Y B,C,D AB AB,C AB
10 250% 5 1.90% %C 2.00%, 1. soaAB 2.30°,
12 3.20%, 2.30% 210ab 1.90°, 240ab
14 3.30%, 290ab 230“’ 2.10°, 260ab

“Mean of 10 observations. Means within each row with the different superscripts are significantly (P < 0.05) different. Means within each column with the differ-
ent subscripts are significantly (P < 0.05) different. Odor score: 0 (bland) to 6 (markedly disagreeable off-flavor, very rancid) See Table 2 for abbreviations.
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when used as a deep-fat frying oil. The order of activity found
for antioxidants in RBD palm olein during deep-fat frying of
potato chips was oleoresin rosemary > BHA > sage extract >
BHT, although some variation from this order was found de-
pending on the method of assessment. The storage study of
fried potato chips carried out at ambient temperature showed
the same order in relative activity of antioxidants. The results
indicated that oleoresin rosemary and sage extracts could re-
place those synthetic antioxidants which have been questioned
due to possible undesirable side effects.
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