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Oxidation-related quality and benzo(a)pyrene content of imported palm and
canola oils after domestic industrial bleaching and deodorization

Jaehyun Park and Eunok Choe*
Department Food and Nutrition, Inha University

Abstract Effects of bleaching and deodorization on the quality of imported palm and canola oils were evaluated. Imported
palm oil and deacidified canola oil were bleached with acid clay, followed by deodorization. Oxidation-related quality was
evaluated by determining fatty acid composition by GC, acid and peroxide values, induction period by Rancimat, and off-
flavor compounds by GC-MS. Tocopherols and benzo(a)pyrene were analyzed by HPLC. Acid and peroxide values were
decreased by bleaching and deodorization, and tocopherol content was decreased to 60-70% (p<0.05). Aldehydes were
major off-flavor compound class of imported oils, most of which were removed after deodorization. No significant change
was observed in benzo(a)pyrene content (~0.4 pg/kg) of both oils by bleaching and deodorization (p>0.05). The oxidation-
related quality of palm and canola oils was more improved after industrial bleaching than by deodorization. These results
suggest that a careful control of bleaching during domestic refining can improve the quality of palm and canola oils.
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sl AAe8< 7% 715224 Sandakan Edible Oils Sdn Bhd
(Sandakan, Sabah, Malaysia)Z5-E] 2016d FHE AFL= (F)
2% HIncheon, Korea)=HE Fofigkor, 7hselr]&S A
(crude canola oil)’JEl 2 Cargill Limited (Clavet, Canada)°ll*]
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Heo] 28 3}gE-S Sigma-Aldrich AHSt. Louis, MO, USA)Z%-
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AM=zo| FH|

Y 7hsE e B & 2N 98 S AR
=715S 9f 10085 °F 80CE 7He £
Laval, Tumba, Sweden)Z ©]$3}3, 85% <14HH,PO,, 200 mg/kg)
E o] galo] AHEslal Tl 50% FAEKEE(NaOH) 88 (~0.6%)
o7 Fshgk &, oF 85°CY EE FAlst ARAIAH AT
@t ThEE IS Y B71ES A oF 110°CE 7R2shal At
M E(Daeil Chemistry Co., Pohang, Korea)S 1% == F93}
o 80 Bt WREAIXl F oFste] 7S ATk B
E& =g37]Miura Co. Ltd, Matsuyama, Japan)Z ©]% 3}
250°C, 3 torrellA] 180% &<t @38t @715 €715
2 Zhzh obdAe] s0mL el 10 g¥ @i WE-ste] 4
g w7kA] 10°C olatellx] WARA 315

7189 X|ghit =M MEl X|E

27183 FFEe)Ee A 242 AOCSH Ce 1-622 ©)
£31(12) 715 05N &FHEAle| =2 WEs) ¢ - Supelco
SP-2560 (100 mx0.25 mmx0.2 pm, Bellefonte, PA, USA) ZH3}
Bxo|l 2384 %717) AZE Agilent 6890 GC (Santa Clara, CA,
USA)Z EA3199t o] 54 FA 7]4](99.999%)0]9 oM, QE,
FYF, A&7 === ZH7F 180, 250, 280°Ce] 31Tt

D783 FhEeleel ARk FRslERE 27 AEF A
9. AWAIEY 1.1.53.137 A 9. LRk 1.1.53.50 <J3 -3}
G2 m™(13), ksl -2 Rancimat 743 (Metrohm AG, Herisau,
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A Zh GC (Agilent 6892, Palo Alto, CA, USA)el FU+
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Table 1. Fatty acid composition (relative content,%) of palm and canola oils after bleaching and deodorization

Palm oil Canola oil
Fatty acid

Imported Bleached Deodorized Imported Bleached Deodorized
C10:0 nd."” n.d. n.d. 0.01£0.00° 0.01£0.00" 0.01£0.00"
C12:0 0.17+0.01* 0.18+0.01* 0.19+0.06" n.d. n.d. n.d.
C14:0 0.94+0.03° 0.96+0.04" 1.09+0.09 0.05+0.01* 0.05+0.01* 0.05+0.01°
C16:0 43.00+0.63" 43.29+0.05° 42.58+0.95° 4.02+0.10° 4.05+0.05 4.24+0.09°
C18:0 4.50+0.12° 4.40+0.12° 5.14+0.92° 1.94+0.06 1.78+0.03 1.87+0.02°
C18:1 40.73£1.17° 40.40+0.82° 39.80+1.25° 64.71+0.65" 62.96+0.16" 61.56+0.28°
C18:2 9.39+0.49" 9.39+0.32* 9.17+0.43" 18.060.69" 19.40+0.01° 20.03+0.68"
C18:3 0.17+0.01* 0.17+0.02* 0.16+0.02* 8.42+0.08" 9.0140.03* 7.76+0.24°
u/s? 1.03 1.02 1.01 13.06 13.45 12.85

UNot detected

IDifferent letters mean significantly different values in each fatty acid of palm or canola oil with different treatments by Duncan’s multiple range

test at 5%.
9Content ratio of unsaturated fatty acid to saturated fatty acids

Table 2. Acid value, peroxide value, and induction period of palm and canola oils after bleaching and deodorization

Palm oil Canola oil
Imported Bleached Deodorized Imported and Bleached Deodorized
P then deacidified
Acid value (mg of KOH/g) 0.260.02°V 0.33+0.04* 0.05+0.00° 0.56+0.13* 0.13+0.01° 0.03+0.00"
Peroxide value (meq/kg) 12.97+0.07* 0.43+0.01° 0.10+0.00° 4.51+0.12° 0.40+0.01° 0.10+0.00°
Induction period (h)® 4.86+0.05¢ 7.40+0.15* 6.38+0.05" 1.87+0.06* 1.45+0.03° 1.37+0.02°

Different letters mean significantly different values in each attribute of palm or canola oil with different treatments by Duncan’s multiple range

test at 5%.
YDetermined by rancimat
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Table 3. Tocopherol contents (mg/kg) of palm and canola oils after bleaching and deodorization
Palm oil Canola oil
) Imported Bleached Deodorized Imp onec.i gnd then Bleached Deodorized
deacidified
i 221.134£20.68°"  152.70+3.49° 134.48+3.71° 289.08+22.45* 175.01£6.53° 212.31£10.23°
(100)? (69.1) (60.8) (100) (60.5) (73.4)
) 19.31+1.73° 9.53+0.31° 9.74+0.30°  889.67+5534"  714.68+17.15°  636.31+47.78°
¥ (100) 49.4) (50.4) (100) (80.3) (71.5)
Tocopherol s
5 nd nd nd 24.91+£3.50° 19.62+0.65° 12.64+0.66
’ ’ ’ (100) (78.8) (50.7)
Sub total 240.44+22 .41 162.23+3.8 144.22+4.01 1203.66+81.29  909.31+24.33 861.26+58.67
(100) (67.5) (60.0) (100) (75.5) (71.6)
o 57.66+5.81° 35.82+1.68° 33.23£1.11° nd nd nd
(100) (62.1) (57.6) ’ ’ ’
5 8.75+0.58° 5.71£0.12° 5.69+£0.19° nd nd nd
. ¥ (100) (65.3) (65.0) ’ ’ ’
Tocotrienol
5 214.71+15.91* 130.57+2.50° 122.89+2.31° nd nd nd
(100) (60.8) (57.2) ’ ’ ’
281.12+22.3 172.1+4.3 161.81£3.61
Sub total (100) 612) (57.6) nd nd nd
Total 521.56+44.71 334.33+8.10 306.03+7.62 1203.66+81.29  909.31+24.34 861.26+58.67
(100) (64.1) (58.7) (100) (75.5) (71.6)

Different letters mean significantly different values in each tocopherol isomer of palm or canola oil with different treatments by Duncan’s multiple
range test at 5%.
YRelativity(%) based on the content of imported oil

Not detected

Table 4. Volatile compounds (peak area, x10%)" identified by SPME-GCMS from palm and canola oils after bleaching and

deodorization
Palm oil Canola oil
Compound Imported Bleached Deodorized Imported and Bleached Deodorized
then deacidified

Aldehydes Pentanal 2.83+0.12 1.75+0.41 n.d. 5.17+0.22 6.16+0.40 n.d.
Hexanal 270.73£8.43  681.52£70.98  11.68+0.03 49.35£1.08  153.72+£6.31 n.d.
Heptanal 2.00+0.18 13.70£0.22 0.83+0.30 22.79+0.10 35.37+0.54 n.d.
(E)-2-Hexenal 0.70+0.10 17.4242.61 n.d. 1.72+0.04 16.25+0.87 n.d.
Octanal 1.14+0.23 9.80+0.69 0.21+0.00 14.61£0.10 13.91+1.82 n.d.
(E)-2-Heptenal 7.93+0.14 23.29+1.70 n.d. 5.22+0.09 25.58+0.17 n.d.
Nonanal 2.04+0.24 32.09+7.60 0.59+0.02 21.64+1.55 32.31+£2.91 n.d.
(E)-2-Octenal 1.91+£0.34 33.07+5.06 n.d. 1.92+0.19 13.82+0.52 n.d.
Furfural 2.30+0.38 7.15+0.16 n.d. n.d. n.d. n.d.
(E,Z)-2,4-Heptadienal n.d? nd. nd. 1.55+0.08 20.57+0.34 nd.
(E,E)-2,4-Heptadienal 1.85+£0.47 6.69+3.52 n.d. 3.83+0.69 43.00+0.26 n.d.
(E)-2-Nonenal 9.81+0.42  584.59+73.21 n.d. 3.59+0.27 14.54+1.16 n.d.
(E,Z)-2,6-Nonadienal n.d. 1.29+0.02 n.d. n.d. n.d. n.d.
(E,Z)-2,4-Nonadienal n.d. 7.53+0.06 n.d. n.d. 2.13+£0.20 n.d.
(E)-2-Decenal n.d. 7.14+1.02 n.d. n.d. 9.54+0.76 n.d.
(Z,E)-2,4-Nonadienal 0.34+0.04 7.89+1.31 n.d. n.d. n.d. n.d.
(E,E)-2,4-Nonadienal 1.86+0.14 11.93+£2.57 n.d. 0.88+0.29 1.68+0.04 n.d.
(E)-2-Un.d.ecenal n.d. 3.91£0.13 n.d. n.d. n.d. n.d.
(E,Z)-2,4-Decadienal n.d. 1.53+0.14 n.d. n.d. 1.94+0.00 n.d.
(E,E)-2,4-Decadienal 0.66+0.08 4.724+0.43 n.d. 0.88+0.07 3.51+0.10 n.d.
Sub total 306.10+11.31 1457.01+171.84 13.31+0.35 133.15+4.77  399.64+16.72 n.d.
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Table 4. Continued

A EAEEA A 49 A A 65 (2017)

Palm oil Canola oil
Compound Imported Bleached Deodorized Impone(.i a}nd Bleached Deodorized
then deacidified
Alcohols  1-Penten-3-ol 2.10+0.07 n.d. n.d. n.d. 6.08+0.53 n.d.
1-Pentanol 1.34+0.05 10.24+2.48 0.32+0.01 2.06+0.10 7.85+£0.94 n.d.
1-Hexanol 1.01+0.12 5.15+0.48 0.23+0.03 15.07+0.35 16.65+0.11 n.d.
2-Heptanol n.d. n.d. n.d. 1.55+0.04 1.85+0.15 n.d.
1-Heptanol n.d. n.d. n.d. n.d.. 4.50+0.02 n.d.
3-Octanol n.d. n.d. n.d. 1.61£0.06 1.19+0.20 n.d.
1-Octen-3-ol 0.96+0.30 n.d. n.d. 4.79+0.12 5.47+0.27 n.d.
1-Octanol n.d. 3.53+0.68 n.d. 3.78+0.05 4.29+0.45 n.d.
1-Nonanol n.d. n.d. n.d. n.d. 1.93+0.20 n.d.
Sub total 5.41+0.54 18.92+3.64 0.55+0.04 32.28+0.83 49.81+2.87 n.d.
Ketones  2-Heptanone 0.51£0.04 7.34+0.53 0.47+0.12 6.73+0.01 7.86+0.04

2-Octanone 0.18+0.04 1.07+0.23 n.d. 11.29+0.04 8.03+0.98 n.d.
3-Octanone n.d. n.d. n.d. 4.44+0.44 3.23+0.25 n.d.
6-Methyl-5-hepten-2-one 3.08+0.59 n.d. n.d. 27.17+1.28 5.52+0.07 n.d.
5-Pentyl-2(3H)-furanone n.d. 0.96+0.23 n.d. n.d. n.d. n.d.
5-Pentyl-2(5H)-furanone n.d. 3.66+0.24 n.d. n.d. n.d. n.d.
2-Nonanone n.d. n.d. n.d. 2.01+0.09 1.36+0.21 n.d.
2-Decanone n.d. n.d. n.d. 7.93+0.39 6.60+0.71 n.d.
Butyrolactone n.d. n.d. n.d. 17.33+0.28 n.d. n.d.
Sub total 3.77£0.67 22.66+1.23 0.47+0.12 76.90+2.53 32.60+2.26 n.d.

Acids Ethanoic 6.65+1.88 18.64+1.96 1.15+0.05 74.87+0.46 7.54+0.12 0.71£0.03
Methanoic 4.89+2.31 5.47+0.73 0.86+0.13 2.44+0.05 9.69+0.02 n.d.
Propanoic acid 1.31+0.39 2.08+0.18 n.d. 35.66+0.02 3.34+0.08 n.d.
2-Methylpropanoic acid n.d. n.d. n.d. 2.544+0.05 n.d. n.d.
Butanoic acid n.d. n.d. n.d. 147.1242.50 0.77+0.08 n.d.
Pentanoic acid 0.65+0.11 0.57+0.21 n.d. 9.84+0.85 1.19+0.11 n.d.
4-Pentenoic acid n.d. n.d. n.d. 53.14+0.48 n.d. n.d.
Hexanoic acid 2.83+1.25 13.50+3.62 0.81+0.09 21.78+0.51 4.86+0.47 n.d.
5-Hexenoic acid n.d. n.d. n.d. 33.41+0.22 n.d. n.d.
Heptanoic acid n.d. n.d. n.d. 2.12+0.17 0.44+0.01 n.d.
Octanoic acid n.d. n.d. n.d. 1.50+0.01 0.40+0.16 n.d.

Sub total 16.33+5.94 40.26+6.70 2.82+0.27 384.42+532  28.23£1.05 0.71£0.03
Hydrocarbons Hexane n.d. n.d. n.d. 83.80+4.68 26.49+3.11 n.d..
Octane n.d. 3.64+1.73 n.d. 40.91+1.82 48.57+8.89 n.d.
1-Nonene n.d. n.d. n.d. n.d. 7.31+0.05 n.d.
5,5-Dimethyl-2-ethyl-1,3- nd. nd. nd. nd. 64.37+3.36 nd.

cyclopentadiene

Limonene 1.10+0.04 0.64+0.14 n.d. n.d. n.d. n.d.
Sub total 1.10£0.04 4.28+1.87 n.d. 124.71£6.50  146.74+15.41 n.d.
Esters Ethyl butanoate n.d. n.d. n.d. 13.73+0.34 5.55+0.97 n.d.
Ethyl 4-pentenoate n.d. n.d. n.d. 6.88+0.17 3.96+0.14 n.d.
Ethyl caproate n.d. n.d. n.d. 2.56+0.18 n.d. n.d.
Sub total n.d. n.d. n.d. 23.17+0.69 9.51+1.11 n.d.
Nitriles ~ 3-Methyl-3-butenenitrile n.d. n.d. n.d. 114.67£0.06  66.41+0.38 n.d.
Hexanenitrile n.d. n.d. n.d. 2.94+0.06 n.d. n.d.
Hex-5-enenitrile n.d. n.d. n.d. 89.38+0.52 63.54+0.36 n.d.
5-Methylhexanenitrile n.d. n.d. n.d. 20.94+0.17 13.44+0.43 n.d.
Heptanenitrile n.d. n.d. n.d. 10.65+0.19 6.74+0.24 n.d.
4-Isothiocyanato-1-butene n.d. n.d. n.d. 9.95+0.11 6.60+0.03 n.d.
Phenylpropanenitrile n.d. n.d. n.d. 9.01+0.08 6.05+0.08 n.d.
Sub total n.d. n.d. n.d. 257.54+1.19  162.78+1.52 n.d.
Miscellaneous 10.69+0.69 34.12+8.64 0.37+0.04 103.79+4.82  133.40+13.77 n.d.

Total 343.40+19.19 1577.254193.92 17.5240.82 1135.96+26.65 962.71£54.71  0.71+0.03

"Meanzstandard deviation

INot detected
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Table 5. Benzo(a)pyrene content (ug/kg) of palm and canola oils
after bleaching and deodorization

Imported Bleached Deodorized
Palm oil 0.45+0.19°Y 0.54+0.25° 0.39+0.20°
Canola oil 0.38+0.10* 0.52+0.20° 0.42+0.11°

UDifferent letters mean significant differences in the benzo(a)pyrene
contents of palm or canola oil with different treatments by Duncan’s
multiple range test at 5%.
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