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Capsaicin and tocopherol in red pepper seed oil enhances the
thermal oxidative stability during frying

Cheul-Young Yang - Prabhat K. Mandal - Kyu-Ho Han - Michihiro Fukushima -

Kangduk Choi - Cheon-Jei Kim « Chi-Ho Lee

Revised: 17 October 2008 / Accepted: 21 May 2009

© Association of Food Scientists and Technologists (India), Mysore

Abstract Thermal oxidative stability of red pepper
(Capsicum annuum) seed oil added with different levels of
capsaicin or tocopherol as antioxidant during heating up to
48 h at 140+5°C was studied. Lipid oxidation of soy and
pepper oil with different levels of capsaicin (0.12, 0.24%)
and tocopherol (0.3, 0.6%) were evaluated during storage at
140°C for 0, 12, 24 and 48 h by monitoring peroxide value
(PV), thiobarbituric acid reactive substances (TBARS) and
chemiluminiscence (CL). Capsaicin content of crude pep-
per oil (0.16 mg/ml) was much higher than that of com-
mercial brands (0.004-0.02 mg/ml). Oleate content was
significantly (p<0.05) higher in soy oil (53.7%) than pepper
oil (9.5%), however, linoleate and linolenate contents were
significantly (p<0.05) higher in pepper oil (70.6, 5.8%) than
in soy oil (25.9, 5.8%). TBARS, PV, and CL of pepper oil
were significantly (p<0.05) lower than soy oil after frying.
TBARS and CL values of pepper oil with different levels
of capsaicin or tocopherol showed significantly (p<0.05)
lower values than untreated pepper oil during frying and
storage. TBARS and CL values of 0.6% tocopherol treated
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pepper oil showed significantly (p<0.05) lower values than
those of soy oil. The study suggests that capsaicin and
tocopherol may play a key role to prevent the thermal
oxidation of pepper oil during frying.

Keywords Red pepper oil - Capsaicin - Tocopherol,
Thermal oxidative stability - Rancidity - Chemiluminis-
cence

Introduction

Rancidity in edible oils is one of the primary factors as-
sociated with oil quality and health problems (Kang et al.
1995). Increased consumption of edible oils worldwide is
limited by a number of factors including trans-fatty acids
content and rancidity. However, edible oils are very suscep-
tible to lipid oxidation and off-flavour development during
deep frying depending upon their fatty acid composition,
storage period and processing temperature (Miyazawa et
al. 1994, Choi 1996). To overcome these problems, there is
a need for development of newer preservatives to provide
edible oils a better thermal oxidative stability during deep
frying. Spices are known for their antioxidative properties.
Potential antioxidants including vitamin C, B-carotene,
tocopherol, capsaicin and some spice extracts (Cort 1974,
Aoyama 1996, Lee et al. 2008) have been investigated. Due
to an increasing demand for new ethnic foods, red pepper
(Capsicum annuum L.) seed oil is gaining popularity as
one of the edible oils in Korea and neighbouring countries.
Red pepper seed oil is very rich in linoleic acid (Choi and
Ko 1990). Antioxidative mechanism of alpha tocopherol
(Husain et al. 1987) and capsaicin (Kogure et al. 2002)
have been reported. Our preliminary experiments showed
that capsaicin retarded lipid oxidation of soybean oil during
deep frying at 200°C (Lee and Lee 2001); however, it is not
effective at 100°C (Lee et al. 2008). Thus, this study was
planned to evaluate the effects of capsaicin and tocopherol
levels on the thermal oxidative stability of pepper oil during
deep frying at 140°C.
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Materials and methods

Crude pepper (Capsicum annuum) oil was made from red
pepper seed by simple oil extraction in a local oil mill.
Three other commercial brands (Nonghyup, Ottogi and
Saimdang) of pepper oils were purchased from local mar-
ket (Chungju, Korea) for comparison. Standard capsaicin,
alpha-tocopherol and 2-thiobarbituric acid (TBA) were pur-
chased from Sigma (USA). All other chemicals used were
of analytical grade.

Experimental plan:  Following treatments were formu-
lated. Pepper oil without any additive as control (Pep), Pep-
per oil with 0.12% capsaicin (Pep 1), Pepper oil with 0.24%
capsaicin (Pep 2), Pepper oil with 0.3% tocopherol (Pep 3),
and pepper oil with 0.6% tocopherol (Pep 4). Soy oil was
taken for comparison. Additives were mixed well with pep-
per oil, then fried at 140+5°C and hold at this temperature
for 48 h. Samples were taken for evaluation at 12 h intervals
up to 48 h for analysis.

Determination of capsaicin content: Capsaicin and
dihydrocapsaicin content in the crude and commercial pep-
per oils were determined by the HPLC method (Lee 1977).
Capsaicin was extracted with 25 ml solvent (citric acid :
methanol, 1:9, v/v) from pepper oil by taking 1 g sample.
The mixture was put into a 50 ml Erlenmeyer flask and
boiled for 30 min. The distilled methanol layer was concen-
trated in a rotary vacuum evaporator (Korea Bio-Tech Co.
Ltd. Seoul).

Determination of fatty acids: The oils were extracted
by the method of Bligh and Dyer (1959) and then methyl-
ated with 14% boron trifluoride-methanol at 100°C for 60
min (AOCS 1998). The fatty acid methyl esters were sepa-
rated by gas chromatography (Carlson and Werkman 1996)
using 30 m x 0.25 mm L. d. factor, four capillary column
(Varian CP 3380, USA) and detected by flame ionization
detector (Shimazu Co., Tokyo, Japan). The chromatograms
were recorded and the percent composition of individual
peak was calculated with a Chromatopac C-R6A (Shimazu
Co., Tokyo, Japan). The fatty acid esters were identified by
comparing their retention times with standards.

Determination of PV: The samples of 10 ml were
evenly distributed in 25 ml air-tight vials (Wheaton, Mill-
ville, NJ, USA) and placed at 140£5°C in an incubator (Vi-
sion Scientific, Seoul, Korea). Samples were taken every
12 h, and PV was determined to monitor the extent of lipid
peroxidation (AOCS 1998).

Determination of thiobarbituric acid reactive substances
(TBARS): The extent of lipid oxidation in oil samples was
determined with TBARS by the method of Tarladgis et al.
(1960). The TBA was expressed as mg of malonaldehyde
per kg sample.

Measurement of chemiluminiscence (CL) counts: A
photon counter (CLA1 100) of a CL analyzer (Tohoku Elec-
tronic Industrial Co., Ltd, Sendai, Japan) was used for the
determination of thermal rancidity of fried oils (Miyazawa
etal. 1991). The sample of 3 g was taken on a stainless-steel

plate (50 mm in diameter, 10 mm in height) and monitored
at 100°C for 10 min. The emission intensity was expressed
in terms of total counts for 10 min.

Statistical analysis: The experiment was repeated 3
times and all the analyses were done in triplicate. Data ob-
tained were analyzed with analysis of variance using SPSS
statistical program, and the level of significance among
samples was tested at p<0.05 with Duncan’s multiple range
test.

Results and discussion

Capsaicin contents: Capsaicin and dihydrocapsaicin con-
tents of crude pepper oil was 0.16 mg/ml and 0.07 mg/ml,
respectively (Table 1). Capsaicin and dihydrocapsaicin of
refined commercial pepper oil from Nonggyup, Ottogi and
Saimdang were 0.004-0.02 and 0.003-0.01 mg/ml, respec-
tively. Capsaicin and dihydrocapsaicin contents of crude
pepper oil was significantly (p<0.05) higher than those of
commercial pepper oils which is in agreement with earlier
reports (Lee 1977, Kim and Lee 1980). These results sug-
gested that decrease of capsaicin and dihyrocapsaicin of
commercial pepper oils might be due to the refining process.
The higher levels of capsaicin in crude pepper oil is expected
to have better oxidative stability as indicated in earlier re-
ports on soybean oil (Lee 1977, Lee and Lee 2001).

Fatty acid composition: The main fatty acids were pal-
mitic (C 16:0), oleic (C 18:1), linoleic (C 18:2), linolenic
(C 18:3) and arachidonic (C 20:4) (Table 2). The palmitate,

Table 1 Capsaicin and dehydrocapsaicin contents (mg/ml) of
crude and commercial red pepper seed oils

Capsaicin Dihydrocapsaicin
Crude pepper oil 0.16 £ 0.008? 0.07 £ 0.004°
Nonghyup 0.02+0.001° 0.01+0.001°
Ottogi 0.01 +£0.003° 0.003 +0.001°¢
Saimdang 0.004 £ 0.001°¢ 0.003 +0.001°¢

*>*means with different superscripts in a column differ
significantly (p < 0.05), (n =3)

Table 2 Main fatty acids composition % of soybean and red
pepper seed oil

Fatty acids No. of carbon Soybean Red pepper”
Palmitate, C 16:0 11.3+0.732 13.7+£0.29°
Oleate, C18:1 53.7+£7.51* 9.47+1.66°
Linoleate, C18:2 25.943.39* 70.63+0.29°
Linolenate, C18:3 3.40+£2.572 5.80+0.21°
Arachidonate, C20:0 0.30+0.07* 0.40+0.01?
UFA 88.7 86.3¢

SFA 11.3 13.7

**means with different superscripts in a row differ significantly
(p<0.05),(n=3)

*Lee et al. (2008), UFA: Unsaturated fatty acids, SFA:
Saturated fatty acids
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linoleate and linolenate contents of pepper oil were signifi-
cantly (p<0.05) higher than those of soybean oil, however,
oleate content was significantly (p<0.05) higher in soy oil
than pepper oil. In case of soy oil oleic acid (53.7%) is
the major contributor and 88.7% is unsaturated fatty acid
(UFA), whereas, in case pepper oil linoleic acid (70.6%) is
the major contributor and 86.3 % is UFA. The contrasting
differences between the 2 oils were that oleate content was
very high in soy oil and linoleate content was very high in
pepper oil. The results showed that the level of UFA was
little higher in soy oil but the high level of linoleic acid
indicated a huge contrast in pepper oil which confirms the
earlier reports (Kim and Lee 1980, Choi and Ko 1990).

Changes of peroxide values (PV): The peroxide forma-
tion in soy oil increased sharply from 0 to 48 h (4.6 to 15.3
meq/kg) of storage but it has not increased to that extent
in pepper oil (4.2 to 8.7 meqg/kg) (Table 3). Significant
(p<0.05) increase in the PV was evident between soy and
pepper oil at 24 and 48 h storage. This difference might be
due to the antioxidative activity of capsaicin and tocoph-
erol which are present more in pepper oil than in soy oil
and similar observations were also reported by Speek et al.
(1985) and Packer (1991).

Changes in TBARS value: TBARS values in pepper
oils were significantly (p<0.05) lower than that in soy oil

during storage which indicated the antioxidative activity of
capsaicin naturally present in pepper oil (Table 4). When
capsaicin at 0.12 and 0.24% was added to control pepper
oil, the rate of increase in TBARS value reduced signifi-
cantly (p<0.05) and it further supports the antioxidative
ability of capsaicin as also reported by Lee and Lee (2001).
Similarly, pepper oil with both levels of tocopherol tried
showed significant (p<0.05) decrease of malonaldehyde
formation compared to control. It was also observed that
capsaicin at 0.24% and tochopherol at 0.3% are more ef-
fective. The TBARS value measures the amount of malo-
naldehyde in carbonyl compounds and secondary oxidation
products. Our results suggested that formation of peroxides
and malonaldehyde were inhibited by the addition of cap-
saicin and tochopherol to the pepper oil during deep frying
at 140+5 for 48 h. Similar observations were also reported
by Lee and Lee (2001) and Aoyama et al. (1986) on capsa-
icin and tocopherol, respectively. It was further observed
that tocopherol is more effective than capsaicin to retard
lipid oxidation of pepper oil as indicated in the change of
TBARS value during storage at 48 h after frying which is in
agreement with the observation of Aoyama et al. (1986).
Changes in CL: The CL counts of pepper oil were sig-
nificantly (p<0.05) lower than those of soybean oil during
storage indicating that additives in pepper oil retarded the

Table 3 Peroxide values (meg/kg) of soy and red pepper seed oil during storage at 140 + 5°C Storage period, h

Groups 0 24 48
Soy oil 4.6 £0.03* 5.1+0.02 12.6 +£0.02* 15.3£0.02*
Pepper oil 4.2+0.02* 52+0.01° 6.2 +0.02° 8.7+0.02°

®Means + SE with different superscripts in a column are significantly (p < 0.05)

Table 4 TBARS values and chemiluminescence counts of soy and red pepper seed oil with different levels of capsaicin and

tocopherol during storage at 140 + 5°C

Heating time (hour) Groups 0 12 24 48
Soy 41.8+0.21° 85.3+0.56° 109.1 +£ 0.69° 484.7 +1.93¢
Pep 29.2 +£0.23¢ 75.0 £ 1.08° 88.6+1.01° 1453 +£1.28°
Pep 1 33.9+£2.17° 60.2 + 1.55° 67.5 +£2.30° 143.1 £2.60°
Pep 2 25.7 +0.40° 59.8 £2.57¢ 65.4+2.70° 137.4 £ 4.07°
Pep3 28.5+2.21¢ 52.7+0.95¢ 58.9 +0.59¢ 100.9 +1.73¢
Pep4 31.5+241° 55.2+0.36¢ 66.6 +1.31°¢ 102.8 £2.72¢
0 12 24 48
Soy 24180 + 6159° 53407 + 37128 121110 + 13794° 437660 + 18977°
Pep 33223 +3225¢ 43435 + 6495° 117206 + 3154¢ 277191 + 4882°
Pep 1 36035 £ 5677* 27030 £ 4390¢ 107739 + 4989° 314132 +£194312
Pep 2 39630 + 4140° 28403 + 2640¢ 93343 + 6967° 255042 + 18688¢
Pep 3 38679 + 6022° 29442 +£2771¢ 42072 + 2524¢ 241109 + 11820¢
Pep 4 38360 + 4419° 30995 + 3023¢ 35959 + 3812¢ 249236 +24263¢

(n=3)*4 Means with different superscripts in a column are significantly different ( p<0.05)
Soy : Soybean oil, Pep : pepper oil, Pepl : pepper oil with 0.12% capsaicin
Pep2 : pepper oil with 0.24% capsaicin

Pep3: pepper oil with 0.3% tocopherol Pep4: pepper oil with 0.6% tocopherol
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extent of lipid oxidation (Table 4). The addition of capsaicin
to pepper oil, at both levels, reduced the extent of lipid oxi-
dation significantly (p<0.05) after storage for 48 h. Similar-
ly, addition of tocopherol to pepper oil, at both levels, also
significantly (p<0.05) reduced the extent of lipid oxidation
compared to control or soy oil. It was further observed that
capsaicin at 0.24% and tocopherol at 0.3% were more ef-
fective at 48 h of storage. Several researchers have reported
the antioxidant activities of capsaicin ( Lee and Lee 2001,
Kogure et al. 2002, Lee et al. 2008) and tocopherol (Cort
1974, Husain et al. 1987) in edible oils.

Conclusion

Pepper oil exhibited antioxidant activity during frying when
used alone or in combination with capsaicin or alpha-to-
copherol. It suggested that red pepper seed oil can be used
to avoid thermal oxidation in place of soybean oil during
deep frying and thermal acidation can be further prevented
by adding capsaicin or tocopherol as antioxidant.
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