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Abstract; Aiming to provide a reference for accurate and moderate processing of soybean oil to retain
micronutrients, the content of tocopherol and its isomers proportion in crude oil, neutralized oil,

decolorized oil, deodorized oil, and deodorized distillate processed with the soybean from Brazil and the

United States was determined to study the changes rule of tocopherol in various refining stages and the

proportion rule of tocopherols isomers. The results
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stages, and the loss in deodorization stage was the

largest with the loss rates of tocopherol and o -,
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v —,0 — tocopherol were 11.68% —19.37% , 6. 10% -17.64% , 11.56% -19.68% , and 17.29% -
25.51% , respectively, and 3 isomers in deodorization stage and the whole refining both showed the
following loss rates: & — tocopherol >y — tocopherol > a — tocopherol. Compared with crude oil, the
proportion of o — ,y —tocopherol in refined soybean oil increased by 0.4 —2.1 percentage points and 0. 1 —
1.2 percentage points, respectively, and the proportion of § — tocopherol decreased by 1.3 —2.7
percentage points, indicating that § — tocopherol was more easily decomposed or volatilized at high
temperatures, and was carried into the deodorized distillate by the stripping steam. The acid value of US
crude soybean oil was below 1.5 mgKOH/g, and the content of tocopherol in deodorized distillate was
97 419 - 109 123 mg/kg, which was 80 —89 times that of crude oil. The acid value of Brazilian crude
soybean oil was 1.5 —=3.3 mgKOH/g, and the content of tocopherol in deodorized distillate was 34 678 —
83 803 mg/kg, which was 59 — 84 times that of crude oil. The proportion of & — ,y — ,8 — tocopherol in
US and Brazilian deodorized distillate were 6. 5% —9.3% ,61.0% - 62.4% ,26.7% - 31.4% and
8.4% -9.9% ,58.0 - 61. 8% ,28. 0% - 30. 4% , respectively. Compared with the corresponding
deodorized oil, the proportion of @ — tocopherol and y — tocopherol decreased by 0.1 —2.5 percentage
points,4.5 — 6. 7 percentage points and 0.5 — 2. 9 percentage points,2. 9 — 6. 9 percentage points,
respectively, and the proportion of § — tocopherol increased by 5.5 — 8.2 percentage points and 5.6 —
7. 8 percentage points,indicating that the rate of tocopherol trapped by stripping vapor was 8 — tocopherol >
a —tocopherol > 7y —tocopherol. Therefore, the process conditions of the deodorization stage should be
optimized to avoid excessive loss of tocopherol to the greatest extent possible.

Key words:; soybean oil; deodorized distillate; refining process; tocopherol; tocopherol isomer; loss

rate; proportion
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(mg/g) o - EHEH B EHW v-EEFH 6 - LHFH G a-AEFEBB-LEEH v-EEH 6 -4 FH
2.4 66.34 10.54 560. 48 210. 89 848.26 7.82 1.24 66.07 24.86
2.4 78. 14 8.06 584.97 214.29 885.46 8.82 0.91 66.06 24.20
2.4 90. 55 11.83 542.39 191.30 836.06 10. 83 1.41 64. 87 22.88
2.3 79.42 10. 06 528.17 194. 65 812.30 9.78 1.24 65.02 23.96
1.5 126. 07 19.04 632.42 211.38 988.92 12.75 1.93 63.95 21.37
2.8 95.66 14.72 544.78 189.68 844. 84 11.32 1.74 64.48 22.45
2.2 92.32 15.51 571.43 211.17 890. 44 10. 37 1.74 64.17 23.72
B 2.3 80. 86 13.02 532.84 200.92 827.63 9.77 1.57 64.38 24.28
2.0 92.89 16. 60 592.99 215.14 917.62 10.12 1.81 64.62 23.45
2.0 88.34 13. 11 574.22 207.91 883.58 10. 00 1.48 64.99 23.53
2.1 89.95 13.38 565.90 214.32 883.54 10. 08 1.41 64.71 23.79
2.1 94.23 10. 66 573.57 216.59 895.06 10. 18 1.51 64.05 24.26
2.0 65.38 9.62 374.75 143.44 593.19 10.53 1.19 64.08 24.20
2.1 67.45 10.23 357.73 147.56 582.98 11.57 1.76 61.36 25.31
1.20 145.32 25.95 850. 80 272.91 1294.97 11.22 2.00 65.70 21.07
1.20 127.54 23.32 780.95 251.01 1182.83 10.78 1.97 66.02 21.22
0.93 111.35 24.23 836.25 282.34 1254.18 8.88 1.93 66. 68 22.51
0. 66 115.14 27.73 808.67 271.81 1223.34 9.41 2.27 66. 10 22.22
1.10 113.02 17.75 752. 66 245.51 1 128.95 10.01 1.57 66. 67 21.75
1.40 151. 14 25.82 780.58 280.28 1 237.82 12.21 2.09 63.06 22.64
L 1.30 150.26 27.67 749. 60 272.75 1 200.28 12.52 2.31 62.45 22.72
0.91 76.54 16.45 708.01 292. 14 1093.13 7.00 1.50 64.77 26.73
0.83 71.18 14.79 689.76 285.05 1 060.78 6.71 1.39 65.02 26. 87
0.77 85.50 18.90 689.28 255.38 1 049.06 8. 15 1.80 65.71 24.34
0.71 84.47 24.91 688. 86 255.78 1 054.02 8.01 2.36 65.36 24.27
0.77 87.54 16.29 681.53 243.60 1 028.95 8.51 1.58 66.24 23.67
0.74 82.48 15.10 657.62 237.43 992. 62 8.31 1.52 66.25 23.92
0.74 113. 68 18.82 785.81 271.11 1 189.41 9.56 1.58 66.07 22.79
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x2 KREMBGIEPLIEFTHTLBER
- 'EEH S/ (mg/kg) AT IR %
J5dih i Jhi i 5 HA it i 5 Jitih— 5
848.26 820. 89 833.33 683.34 3.23 -1.52 18.00 19.44
885.46 854.77 853.38 732.79 3.47 0.16 14.13 17.24
812.30 773.99 790.21 692.00 4.72 -2.10 12.43 14. 81
988.92 962. 63 954.01 826.29 2.66 0.90 13.39 16.45
844. 84 827.86 825.25 713.80 2.01 0.31 13.50 15.51
890. 44 865.77 852.46 731.42 2.77 1.54 14.20 17.86
827.63 809. 10 812.25 693.42 2.24 -0.39 14.63 16.22
e 917.62 900. 66 880.73 745. 86 1.85 2.21 15.31 18.72
883.58 822.42 824.22 716.85 6.92 -0.22 13.03 18. 87
883.54 863.73 868. 38 734.11 2.24 -0.54 15.46 16.91
895.06 873.18 878.55 744.47 2.44 -0.61 15.26 16.82
593.19 584.21 571.717 488.69 1.51 2.13 14.53 17.62
603.99 565.40 583.24 493.74 6.39 -3.16 15.35 18.25
582.98 571.51 549.30 473.65 1.97 3.89 13.77 18.75
1294.97 1285.77 1261.99 1 065.23 0.71 1.85 15.59 17.74
1182.83 1 153.86 1 136.96 950. 86 2.45 1.46 16.37 19.61
1254.18 1231.14 1237.21 1 020.11 1.84 -0.49 17.55 18.66
1223.34 1213.48 1209.27 1014.84 0.81 0.35 16.08 17.04
1128.95 1101.21 1 097.74 921.76 2.46 0.31 16.03 18.35
1 200.28 1 164.14 1 146.81 1 010. 68 3.01 1.49 11.87 15.80
S| 1093.13 1 081.97 1 077.86 904. 54 1.02 0.38 16.08 17.25
1 060.78 1 032.34 1073.71 918. 64 2.68 -4.01 14. 44 13.40
1 049.06 1022.70 1 023.60 849.29 2.51 -0.09 17.03 19.04
1 054.02 1 034.08 1025.22 855.00 1.89 0.86 16. 60 18.88
1 028.95 1 010.55 990.90 799.00 1.79 1.94 19.37 22.35
992.62 946. 50 944.15 833.90 4.65 0.25 11.68 15.99
1189.41 1 181.06 1172.00 1 .004.98 0.70 0.77 14.25 15.51
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RIFE S,
R3 AEHBEHETRED I HEETHRAGTLERL %
it SRR BBURE
- y- 8- a- Y- 8-
LR EER EER EER EEm AEm
7.92 13.66 19.36 6.13 17.01 24.59
8.88 12.60 18.61 6.03 16.54 23.04
11.31 13.20 17.66 9.13 17.16 22.90
8.06 14.86 20.64 7.71  18.05 25.27
11.77 11.56  17.29 7.53  17.93 25.45
ol 16.39 19.68 25.51 14.23 23.54 30.61
13.47 14.88 19.82 7.67 16.34 23.32
7.56  14.19 20.52 5.91 16.73 23.96
8.89 13.60 18.88 9.60 16.54 23.21
10.92  12.67 17.87 13.96 17.46 24.32
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gR3 %
TSR R EURR
i a- Y- 0- a- Y- 0-
EEB EER EEm EER EER EEH
13.40 14.24 20.94 8.80 16.67 24.23
17.64 14.40 21.35 7.71  19.21 26.09
11.89 16.34 22.80 8.79 17.45 24.21
8.98 14.87 21.78 5.98  16.21 23.17
FE 7.8 15.20 21.38 8.25 17.91 23.88
8.47 14.63 21.52 8.79 15.63 23.05

6.10 16.52 22.63 13.03 17.57 24.23
15.40 18.18 24.35 18.60 21.25 27.30
14.13  12.74 18.27 11.35 14.21 20.65

HH%% 3 ﬂ.%naa Y~ \6 - iﬁ%ﬁﬂﬁﬁi‘&
AR RS R R R 715 0 6. 10% ~17.64% |

11.56% ~19.68% 17.29% ~25.51% F15.91% ~
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JiiH Jhi 5 gl Ji3Hh i 5 gl J5H i 5 AR
7.8 9.9 2.1 66.1 67.1 1.0 24.9 22.2 -2.7
8.8 10.6 1.8 66.1 66.3 0.2 24.2 22.1 -2.1
10.8 12.3 1.5 64.9 65.3 0.4 22.9 20.9 -2.0
9.8 11.8 2.0 65.0 65.3 0.3 24.0 21.8 -2.2
10.4 11.5 1.1 64.2 64.7 0.5 23.7 22.3 -1.4
9.8 11.0 1.2 64.4 64.7 0.3 24.3 22.6 -1.7
10.1 11.5 1.4 64.6 65.2 0.6 23.4 21.6 -1.8
i) 10.0 11.4 1.4 65.0 65.7 0.7 23.5 21.6 -1.9
10.1 11.4 1.3 64.7 65.4 0.7 23.8 21.8 -2.0
10.2 11.3 1.1 64.0 64.5 0.5 24.3 22.4 -1.9
10.5 11.9 1.4 64.1 64.2 0.1 24.2 22.1 -2.1
11.0 12.1 1.1 63.2 64.0 0.8 24.2 22.5 -1.7
10.9 12.0 1.1 63.0 64.0 1.0 24.4 22.6 -1.8
11.6 12.3 0.7 61.4 62.3 0.9 25.3 23.6 -1.7
11.1 12.4 1.3 61.4 61.8 0.4 25.2 23.9 -1.3
11.2 12.4 1.2 65.7 66.6 0.9 21.1 19.4 -1.7
10.8 12.4 1.6 66.0 66.4 0.4 21.2 19.5 -1.7
8.9 10.0 1.1 66.7 67.7 1.0 22.5 21.0 -1.5
9.4 10.7 1.3 66. 1 66.8 0.7 22.2 20.6 -1.6
10.0 11.3 1.3 66.7 67.0 0.3 21.7 20.3 -1.4
7.0 7.7 0.7 64.8 66.0 1.2 26.7 24.9 -1.8
*H 6.7 8.1 1.4 65.0 65.6 0.6 26.9 24.9 -2.0
8.1 8.8 0.7 65.7 66.9 1.2 24.3 22.8 -1.5
8.5 8.9 0.4 66.2 67.2 1.0 23.7 22.2 -1.5
8.3 9.6 1.3 66.3 66.6 0.3 23.9 22.1 -1.8
9.6 10.0 0.4 66.1 67.1 1.0 22.8 21.4 -1.4
8.8 9.9 1.1 66.3 67.0 0.7 23.4 21.6 -1.8
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SRR R 0. 1% o 325 KGR
PYreb SE T AL O

x5 XEHBERBUHMPESETHELERL

. ‘ . K ¥ L L
(mg/g) (mg/kg) (mg/kg) JEIH AR AT EL

246 0.010 0.050 0.9 1254 101 705 81
246 0. 005 0.030 1.2 1239 106 641 86
*H 244 0.004 0.030 1.2 1226 109 123 89
246 0.010 1.000 1.4 1219 105 493 87
246 0. 005 0.050 1.4 1219 97 419 80
246 0. 005 0.050 1.5 989 82 843 84
240 0.005 0.050 1.8 1125 83 803 74
244 0.004 0.029 2.0 884 60 442 68
242 0.010 0.050 2.0 593 41 735 70
240 0.010 0.030 2.0 918 57 378 63
242 0.010 0.050 2.1 889 65 158 73
228 0.005 0.030 2.1 733 52 531 72
223 0. 005 0.030 2.1 731 51225 70
222 0.005 0.040 2.1 761 52 476 69
242 0. 005 0.050 2.2 577 40 241 70
BA 242 0. 005 0.032 2.2 882 60 746 69
242 0.008 0.054 2.3 859 63 328 74
242 0. 008 0.034 2.3 859 57 211 67
246 0.002 0.020 2.4 641 45 805 71
240 0. 005 0.050 2.5 803 54 066 67
233 0.005 0.050 2.5 803 52 507 67
233 0.005 0.030 2.5 803 51 748 66
240 0.004 0.035 2.6 638 42 798 67
244 0.003 0.030 3.3 589 34 678 59
242 0. 005 0.020 3.3 598 35 139 59

TE - F9 R (L P 0K 80 s IO 57

HIZE 5 AT, JRURHIb ) AR 7 B 5 FRR (B X
AR YRR B W RS SA BOR R, o
A P R DU SR b A
R 5 IR AEL T e I MO S0 o 9 A
U] P i S D 2 (7 Sl e S e DN
WY E BB & 97 419 ~ 109 123 mg/kg, A A
Tl AR T 5 RN 80 ~ 89 A KL VU R R i L A7
WIRgAE F f D 34 678 ~ 83 803 mg/kg, Jy J5iH
M B Y 59 ~ 84 A% B RAR P i {2

RETHAFm SR B, PRI Skud, B R
TR W O R B B ) A D AR W TR T i
2.6 R BRI EY T AT BITHKS LS
JI 5 i AR M B R R YR T 220 ~
260 C JIi 5L = i 04 B TR A AR B8 28 VR S Al AR
FH T 3 Tl B S A AR TE IR T Bl T AN
(], 5 SOHAE B 508 o v ) o b 5 A O R vl
WA, £ 6 ARG R EYh 3 FETH
Fa A o LEAB L
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K6 AEHMBRBEYT 3 MEFTHRAE SLHER %
_— o - LT y-EHEH 8- H M
B BRI AR RS RS EY) AR il BRI AR
10.0 9.3 -0.6 67.7 61.0 -6.7 21.0 28.0 7.0
10.7 8.7 -2.0 66.8 61.7 -5.1 20.6 27.7 7.1
11.3 8.7 -2.5 67.0 62.4 -4.6 20.3 27.4 7.1
11.1 9.3 -1.8 67.0 61.9 -5.2 20.0 26.7 6.7
7.7 7.6 -0.1 66.0 60. 4 5.6 24.9 30.4 5.5
8.1 6.7 -1.4 65.6 60.5 5.1 24.9 31.4 6.5
K 8.8 6.5 -2.3 66.9 61.3 5.6 22.8 31.0 8.2
6.9 6.6 -0.4 67.2 61.5 5.6 23.4 30.4 7.1
8.9 6.9 -2.0 67.2 62.4 4.8 22.2 29.3 7.1
9.6 7.1 -2.5 66.6 62.1 4.5 22.1 29.3 7.2
10.0 8.7 -1.4 67.1 61.0 -6.0 21.4 28.6 7.2
9.9 7.8 -2.1 67.0 61.7 5.3 21.6 29.1 7.6
9.9 9.4 -0.5 67.1 60.2 6.9 22.2 29.4 7.2
12.3 9.4 -2.9 65.3 61.8 -3.5 20.9 27.7 6.8
11.5 8.5 -2.9 64.7 61.0 -3.7 22.3 28.8 6.5
11.0 8.4 -2.6 64.7 60.9 -3.8 22.6 29.2 6.6
11.5 8.6 -2.9 65.2 60.6 -4.5 21.6 29.2 7.7
11.4 9.0 -2.4 65.7 61.0 -4.7 21.6 28.4 6.8
EL PG 11.4 9.0 -2.5 65.4 61.2 -4.2 21.8 28.4 6.6
11.3 9.5 -1.8 64.5 60.8 -3.7 22.4 28.0 5.6
11.9 9.5 -2.4 64.2 60. 1 -4.0 22.1 28.4 6.2
12.1 9.8 -2.3 64.0 58.0 -6.0 22.5 30.4 7.8
12.0 9.9 -2.1 64.0 58.3 -5.7 22.6 29.9 7.3
12.3 9.9 -2.4 62.3 58.6 -3.7 23.6 29.5 6.0
12.4 9.7 -2.7 61.8 59.0 -2.9 23.9 29.8 5.9

Hi 2 6 AT, 5 00 SR A L, B R ) b
a-y- .8 - LEHMW TS R4 T 2,
a-y-EBBmMS - EFMHLBIETH R -2.9 ~
0. 1FH/ . -6.9~ 2.9 [/ if5.5~8.2H
Gy BRI o — oy - LEEW AR
BTN y — A E s IR SR TS -
AE B ERAE TR, XU 3 FhA: & 1 S 4
e R T BB R EE O 240 ~ 246 °C i, A% K B2
HEMRHEE N 6 - F® > a-AFFMH >y - E
=]

3.8 it

AR SO R SLIHREHRT 1 RS2 5 rpoFnh i €2,
TS SRR Y A B S AT T R A
B, SRR 480 3 ISR T BUS RV FISE R &
A S 0 ) 582. 98 ~988.92 mg/kg FiI
992.62 ~1294.97 mg/kg [ % 473. 65 ~826.29 mg/kg
#1799.00 ~1 065. 23 mg/kg, F & J5 i R (A (KOH)
AIAE 1.5 ~2.8 mg/g F10.66 ~1.40 mg/g, B4R
LM A B AR T S Y I R T
FEA, P o — vy = B~ 6 — A H W gAY

25 5% (HAEXT [ E FE—EJa N, DLy - AR B
S-ABMNE, FLEMN a - EFWH AR L
B-EBE; EE MR RS LB AIFE, HFEE
AR R T B, B R FAE 11.68% ~19.37% , 1
Ho—y- 8- EFMPRFIRNN 6 - EFH >
y-HEFBH >a- AT, EMEELIRE - oy - E
Bl R TR, 6 - EF W L&A TN,
ULH & — A B Wy B2 S Bl v il 0 il B VR I A
AR B
FEKGJFEMERE (KOH) 7E 1.5 mg/g LR,
HB R B £ F B & &4 97 419 ~ 109 123
mg/ kg , K Y 80 ~ 89 f%, I Y K 57 5L v iR
{EH(KOH)7E 1.5 ~3.3 mg/g, KB RIB LW hAEFH
Wiy & i AE 34 678 ~ 83 803 mg/kg, Jy R &L B AY
59 ~84 i I RIBIE Y a — oy - S - BB
SR LE S, P o - fly - B WS A
W6 - AEE M o AR R, R R T 2R YRR AR
J R INH S - BB >a-LEFWH >y -4E
M.
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