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Influence of Thermal Oxidation and Hydrolytic Promoters of Oil and Their

Inhibitors on Decomposition of Tocopherol in Oil
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The effect of thermal oxidation and hydrolytic promoters of oil or their inhibitors were investigated

on the deterioration of oil and decomposition of tocopherol (Toc) in oil with or without an alumi-

num cover float. Vegetable oils (soybean, hardened soybean, rapeseed and olive oils) wunder the

presence of oxidation promoters of oil (ferric and cupric stearates), hydrolytic promoters of oil

(stearic and citric acids, or magnesium oxide) and their inhibitors were heated in glass tubes (2.7X

20 cm) at 180°C.

The deterioration of oil and decomposition of Toc in oil were apparently promoted by addition of

ferric and cupric stearates. On the other hand, the added silicone oil, zert-butylhydroquinone

(TBHQ) and ascorbyl palmitate (As. P) showed preventive effects on the deterioration of oil and

decomposition of Toc in oil. And moreover, the deterioration of oil and decomposition of Toc in oil

containing As. P heated with the aluminum cover float were clearly less than those without the float.
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Table 1. Analytical data of the oils used in the present work

Oil
Hardned
Rapeseed Soybean soybean Olive
Iodine value 117.3 133.0 79.8 83.9
Saponification value 188.7 190.0 191.6 192.0
Acid value 0.04 0.01 0.02 0.10
Peroxide value (meq/kg) 0.1 0.1 0.1 0.2
Carbonyl value 1.6 2.0 1.3 1.6
Anisidine value 2.1 1.3 1.2 1.4
Fatty acid 14:0 0.1 0.1
composition?®’ 16:0 5.5 11.5 12.4 12.5
16:1 0.4
18:0 1.4 3.5 6.3 3.1
18:1 59.1 23.5 73.0 74.2
18:2 21.4 53.1 7.2 9.5
18:3 10.8 7.9 0.4
20 1 0.1
22:0 0.2
2201 1.1
Total SFA® (%) 7.2 15.0 18.7 15.6
Total USFA® (%) 92°8 84.5 80.6 84.4
Tocopherol a-Toc 14.4 3.3 3.0 6.4
content (29.0)
(mg/100 g 0il)® B-Toc 0.9 0.7
7-Toc 25.5 64.0 45.0 1.0
0-Toc 0.7 28.5 20.0
Total Toc®? 40.6 96.7 68.7 7.4
(36.4)0

a) Measured by gas liquid chromatography. b) Saturated fatty acids.

¢) Unsaturated fatty acids. d) Measured by HPLC.
( ), Added tocopherol.

7- and d-tocopherols.
original oil and added tocopherol.
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Residual

Anisidine value Carbonyl value Acid value tocopherol(%)a)
0 60 1200 20 40 0 2 4 0 40 80
T 1 . T 1 i 1 ] 1
Control ] '___] a-t
Ferric stearateu (0.1 %) | 1 I
Cupric stearate (0.1 %) :: 1 ] 1
Potassium hydroxide* (0.1 ) j 1 ] -
Silicone oil* (5 ppm) ] ] 1 F
Stearic acid' (.o %) [ 1 ] - :::l
1
citric acid (0.1 %) ] ] B G
Magnesium oxide| (0.1 %) ] | ] j—! :
‘Kapok oil (10.0%) i ] i }
Tig. 1. Effect of additives on the thermal oxidation and decomposition of tocopherol in hardened
soybean oil by heating.
Sample oil (20 g) in a glass tube were heated at 180°C for 30 h.
° Thermal oxidation promoter of oil. * Thermal oxidation inhibitor of oil.
! Hydrolytic promoter of oil. " Hydrolysis inhibitor of oil.
Control, no addition of additives. Silicone oil, dimethyl polysiloxane KF-96.
a) The ratio of the residual amounts of total tocopherols (sum of a— f~ -1 and 6-toco-
pherols) in heated hardened soybean oil to their initial amounts. Fach bar represents
mean + standard deviation (n=3).
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0 40 80 0 4 8 0 0.5 1.0 0 40 80
Control : | : __1 l ] |
Ferric stearateo (0.1 %) : 1
Cupric stearate (0.1 %) ] | 1
Potassium hydroxide” (0.1 %) [ ] :l 1 I
Silicone oil* (5 ppm) [ ] I 1 I
Stearic acid (1.0 )] 1 ] i
citric acid' (0.1 &) ] ] I L
Magnesium oxide (0.1 &) —— I 7 i
Kapok oil" {10.0%) ] | 1 ]‘
Fig. 2. Effects of additives on the thermal oxidation and decomposition of tocopherol in olive oil by heating.

Sample 0il (20g) in a glass tube were heated at 180°C for 5h.

[}

Thermal oxidation promoter of oil.
" Hydrolytic promoter of oil.

* Thermal oxidation inhibitor of oil.
" Hydrolysis inhibitor of oil.

Control, no addition of additives. Silicone oil, dimethyl polysiloxane KF 96.
a) The ratio of the residual amounts of total tocopherols (sum of a-, 8-> r- and d-tocopherols) in
heated olive oil to their initial amounts. Each bar represents mean = standard deviation (n=3).
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Table 2. Effects of promoters or inhibitors on the deterioration of oil and decomposition of tocopherol
in oil heated without or with an aluminum foil

Soybean oil®?

Float®
Without With
Fe. Ste. Fe. Ste.
0.1%) 0.1%)
Cont- As.P SO TBHQ 8 St.A Fe. +As.P Cont-As.P SO TBHQ 8- St. A. Fe. +As. P.
role? Car. Ste. rol®’ Car. te

0.3\ / 5 3 (0.1y (0.1y (L.0y (0.1} (0.3 0.3\ [ 5 \ (0.1 (0.1y (L.0y (0.1} (0.3

©2) (3 G @ ) &) (%) (%2) (5 ) () (%) () (%)

Af;i:fgé“e 43 101 10 90 176 141 891 38l 120 28 95 80 171 147 BT 46
Ci,r;’l%’;yl 6.4 12.2 150 108 19.1 160 544 5.9 124 45141 9.2 8.5 17.5 28.6 7.7
Acid value 030 0.47 0.25 0.18 0.26 1.00 1.84 2.2l 0.54 1.0 0.58 0.73 0.63 1.5 1.53 1.46
Re,;ic‘}c“(‘%)d, 5.0 55.0 47.9 67.8 24.1 40.0 0 0 58.5 92.058.8 78.7 28.3 38.0 0 - 49.0

S.De> 4.1 3.6 2.8 1.2 2.5 2.4. 0 0 3.1 4.3 2.6 2.0 1.6 1.8 0 3.3

a) Soybean 0il(20g) in glass tube (2.7%20cm) were heated at 180°C for 30h. b) Float of aluminum foil. ¢)

No addition of additives. d) The ratio of the residual amounts of tocopherol (sum of a-, f- - and d-tocophe-
rols) in heated oils to their initial amounts. Each value is an average of 3 determination. e) Standard deviation
(n=3).

As. P, ascorbyl palmitate. SO, silicone oil, dimethy! polysiloxane KF-96. TBHQ, tertbutylhydroguinone. p-Car,
B-carotene. St. A, stearic acid. Fe. Ste.,, Ferric stearate.

Tabls 3. Effects of promoters and inhibitors on the deterioration of oil and decomposition of
tocopherol in oil heated without or with aluminum foil

Olive oil®?

Float®®
Without With
Fe. Ste. Fe. Ste.
Cont- As.P SO TBHQ p-Car. Fe. (0.1%) Cont- As.P SO TBHQ g-Car. Fe. (0.1%)
ol 0.3y (5 0.1y (0.1 S(%i +§L§' P rol? 0.3\ (5 0.1y (0.1 Sot.ei +§S3' i
(%) (ppm) (%) (%) (%) (%) (%) (ppm) (%) (%) (%) (%)
A‘;ijfjé‘?e 0.0 38.0 38.0 37.0 53.0 620 51.0 87.0 210 25.0 30.0 47.2 540 28.0
Carbony] 66 46 50 40 72 68 66 58 22 37 48 6.2 6.6 4.5
Acid value  0.31 0.60 0.3 0.30 0.37 065 0.70 0.45 0.95 0.50 0.2 0.49 0.70 0.86
Relifc‘lca%)d) 40 64.0 14.0 950 O 0o 0 373 93.0 44.0 953 17.1 0 41.3
sp® 0.8 3.2 09 21 0 0 0 o5 09 14 1.2 26 -0 3.0

a) Olive 0il (20g) in glass tube (2.7X20cm) were heated at 180°C for 5h. b)c)d)de) for abbreviations see Table
2. As. P, ascorbyl Palnitate. SO, silicone oil, dimethyl polysiloxane KF-96. '_I‘BHQ, tert-butylhydroquinone. §-

Car.,, p—Carotene. Fe. Ste., ferric stearate.

BT EHERIE NS V, CV, A. VIZEGED A7 7V YRS <
257 ) VEREEMEREATHO An. V, CV,A.V WEROESE, Tiabb, BREEHTo LK
1% Fig. 1, Fig. 2 R LIcKERLESA Y —7ihE A p 2T 7 ) VERET X 5 IHIEOBRLA T D IR BT,
B, wTFhoELEL &L, Tocids % cREs X bic As. P &2 BEAERIN LB AT lig OBt Toc
&L Tz, Ei, A7 7Y VEREIC As. P % Bf DT L DREBFIEENRe, Bl QBB
ALCLEBBELF T CIX As.PI2 L % MEEOMEE;  BAIIIEIEF I As. P 23S BELTW kD ER
k3 Toc OAREFILART & b & A5 O N RN oS . —le 7 22 vEE (As. A OfFFRE,
—F, WELEHTTE, A7 7V VEREEMEHO An. OB (597 ARG TEUARMEIHRO SV

6 (276)

NI -Electronic Library Service.




The Japan Soci ety of Cookery Science

%ﬁ*DF37:ﬂ~w®ﬁﬁmﬁﬁ?%ﬁ®%ﬂk&mmﬁ%ﬁﬁﬁ,kaK%MB@m%ﬂ@%QKOhT

Table 4. Effect of ascorbyl palmitate and silicone oil on the deterioration of oil and

decomposition of tocopherol in oil heated without or with an aluminum foil.

Rapeseed oile’

Float?.
Without With
Control®®> As.P SO Control®> As.P SO

(0.3%) (Gppm)  (5ppm) (0.3%) (5ppm)

Anisidine value 147.0 52.0 130.0 89.0 20.0 80.0

Carbonyl value 13.6 11.1 12.0 12.2 4.3 11.2
Acid value 0.30 0.57 0.26 0.70 0.84 0.64

Residual Toc(%)® 41.3 62.0 50.3 67.1 85.0 73.4

S.De 2.5 3.4 2.0 4.0 2.7 3.2

a) Rapeseed oil (20g) in glass tube (2.7X20cm) were heated at 180°C for 30 h. a)b)
c)d)e), for abbreviations see Table 2. As. P, ascorbyl palmitate. SO, silicone oil.
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