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Changes of trace components in soybean oil during refining
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Abstract; Aiming to achieve accurate and moderate processing of soybean oil and develop a double —
temperature deodorization process with zero trans fatty acid, the content changes of beneficial trace
components such as tocopherol and sterol and harmful trace components such as trans fatty acid and 3 —
chloropropanol ester in crude oil, neutralized oil, decolorized oil and deodorized oil refined by
conventional single temperature deodorization ( deodorizing temperature 240 —260 °C ) and deodorized oil
refined by cooling deodorization ( deodorizing temperature 240 — 260 °C was reduced to about 220 °C)
were analyzed. The results showed that under the conventional single temperature deodorization refining
process, both tocopherol and sterol were lost in each refining section, with a total loss rate of 15.01% -
22.35% and 11. 51% - 21. 54% , respectively. Among them, tocopherol was mainly lost in the
deodorization section, with a loss rate of 10. 53% - 19. 85% , while sterol was severely lost in the
neutralization and deodorization sections, with loss rates of 5. 81% —13.17% and 1.22% -9.18% ,
respectively. The content of trans fatty acid in refined soybean oil ranged from 0.761% to 1.487% . The
content of 3 — chloropropanol ester decreased in the neutralization section, fluctuated in the decolorization
section and significantly increased in the deodorization section. The content of 3 — chloropropanol ester in

the refined soybean oil was 0.300 — 1. 048 mg/kg. The content of trans fatty acid decreased, and the

contents of tocopherol and sterol overall increased

RS B :2023 — 03 — 30 {E[5] F 88 :2024 — 04 — 22 with the decrease of deodorizing temperature.
EER N - PNEFE1980) , 4, TREIT, 328 N T IS 5 B When the deodorizing temperature decreased to
i TAE (E-mail ) 1251866712@ qq. com, 220°C, the goal of zero trans fatty acid

BEEE B, B TR (E-mail )496978002@ q. com, (<0.3% ) of soybean oil was close to being
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realized. In conclusion, adopting double — temperature deodorization process of first low — temperature

long — term deodorization and then high — temperature short — term deodorization can achieve the goal of

zero trans fatty acid while ensuring the quality of refined soybean oil.

Key words: soybean oil; conventional single temperature deodorization; cooling deodorization; trace

component; zero trans fatty acid
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FE, A 0.5 mL 2 mol/mL JH [& 2 Py #7 % Al 1 mL
2 mol/L KOH ¥, #75 5 min, I&A Y50, B4
4 mL 2 mol/L KOH %% ,60°C 24k 1 h J5HIA 2 mL
KA 4 mL I CUGEREA AL, B 5 AR 2 IR, ] 2
ORI 1 g JEoK B R 28 LABR 25K 43, Sl ik
HE1 mL,H#BE 1.5 mL BESRT, BRET, I
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o B/ (mg/kg) R/ %
b PR A BRSO PR BE BR BSE
885.46  854.77 853.38 732.79 3.47 0.16 14.13 17.24
836.06 824.53 805.71 689.62 1.38 2.28 14.41 17.52
088.92  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
793.08 779.85 773.58 660.53 1.67 0.80 14.61 16.71
652.87 631.74 617.19 528.16 3.24 2.30 14.43 19.10
642.39 617.84 605.44 541.67 3.82 2.01 10.53 15.68
827.70  818.77 812.74 694.26 1.08 0.74 14.58 16.12
018.34  906.75 888.20 774.15 1.26 2.05 12.84 15.70
800.44  865.77 852.46 731.42 2.77 1.54 14.20 17.86
917.62 900.66 880.73 745.86 1.85 2.21 15.31 18.72
593.19 584.21 571.77 488.69 1.51 2.13 14.53 17.62
1294.97 1285.77 1261.99 1065.23 0.71 1.85 15.59 17.74
1182.83 1153.86 1136.96 950.86 2.45 1.46 16.37 19.61
1223.34 1213.48 1209.27 1014.84 0.81 0.35 16.08 17.04
1128.95 1101.21 1097.74 921.76 2.46 0.31 16.03 18.35
1200.28 1164.14 1146.81 1010.68 3.01 1.49 11.87 15.80
1093.13 1081.97 1077.86 904.54 1.02 0.38 16.08 17.25
1054.02 1034.08 1025.22 855.00 1.89 0.86 16.60 18.88
1028.95 1010.55 990.90 799.00 1.79 1.94 19.37 22.35
1189.41 1181.06 1172.00 1004.98 0.70 0.77 14.25 15.51
837.50 817.14 815.55 704.64 2.43 0.19 13.60 15.86
973.28 960.61 948.06 821.98 1.30 1.31 13.30 15.55
1278.32 1269.67 1236.47 1059.91 0.68 2.61 14.28 17.09
1225.93 1208.20 1199.22 1041.92 1.45 0.74 13.12 15.01
1144.45 1138.76 1123.97 900.89 0.50 1.30 19.85 21.28
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Fh/ (mg/kg) BRE/ %

B A BE R PR BE R BBIR
3368 2990 2911 2809 11.22 2.64 3.50 16.60
3549 3127 3035 2887 11.89 2.94 4.88 18.65
3355 3093 3058 2969 7.81 1.13 2.91 11.51
3059 2656 2607 249 13.17 1.84 4.26 18.40
3409 3211 3153 2891 5.81 1.81 831 15.20
3291 2926 2861 2826 11.09 2.22 1.22 14.13
2903 2664 2630 2568 8.23 1.28 2.36 11.54
3050 2770 2635 2393 9.18 4.87 9.18 21.54
3204 2868 2823 2641 10.49 1.57 6.45 17.57
3427 3198 3191 3000 6.68 0.22 5.99 12.46
3306 3047 2997 2827 7.83 1.64 5.67 14.49
3254 2991 2828 2724 8.08 5.45 3.68 16.29
3406 3043 2911 2745 10.66 4.34 5.70 19.41
3277 2907 2904 2841 11.29 0.10 2.17 13.30
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R St S A R /%
(KOH)/ poce Rk Rk mat s
(mg/g) MR TR TR ARER
0.71 246 0.000 0.279 0.779 1.058
0.74 246 0. 000 0.301 0.863 1.164
0.74 245 0. 000 0.292 1.060 1.352
0.83 240 0. 000 0.241 0.998 1.239
0.93 241 0. 000 0.452 1.035 1.487
1.1 242 0. 000 0.431 0.770 1.201
1.2 242 0. 000 0.264 0.789 1.053
1.3 242 0. 000 0.244 0. 898 1.142
1.5 243 0. 000 0.264 0. 663 0.927
1.6 246 0. 000 0.286 0.636 0.923
1.8 244 0.000 0.319 0.679 0.998
1.8 244 0. 000 0.213 0.620 0.833
2.0 244 0.036 0.259 0.659 0.954
2.0 246 0. 000 0.272 0. 664 0.936
2.1 240 0. 000 0.282 0.622 0.904
2.1 242 0. 000 0.166 0. 604 0.771
2.1 244 0. 000 0.225 0.536 0.761
2.2 240 0. 000 0.298 0.579 0.877
2.3 242 0.000 0.387 0.793 1.180
2.4 244 0.000 0.364 0. 859 1.223
2.4 242 0. 000 0.158 0.926 1.084
2.8 242 0. 000 0.315 1.015 1.330
3.3 242 0.000 0.439 0.811 1.250
3.4 242 0. 000 0.395 0. 845 1.240
3.9 240 0.029 0.292 0. 696 1.017

2% 3 W RS R = R SR R A
0.761% ~1.487% , FE L[ I IMER =00 PR IR
HF o EE SRR S TR . 734, Wlifig T
JH BRI K B R B K 5
ANE MR & 125 R FRE DI A K
2.1.2.2 3 -MCPDE

ANFEVKS R T BER &3l b 3 - MCPDE % & fll 48

eI 4 Pros.
F4 TEBHELRAZHF I -MCPDE EMEHLE
7t/ (mg/kg) AR %

JEah A e R R e R

0.108 0.090 0.09 0.451 -16.67 0.00 401.11
0.149 0.098 0.269 0.980 -34.23 174.49 264.31
0.224 0.176 0.266 0.446 -21.43 51.14 67.67
0.231 0.197 0.229 0.422 -14.72 16.24 84.28
0.231 0.190 0.216 0.303 -17.75 13.68 40.28
0.235 0.084 0.239 0.588 -64.26 184.52 146.03
0.245 0.089 0.150 0.765 -63.67 68.54 410.00
0.251 0.139 0.109 0.317 -44.62 -21.58 190.83
0.418 0.094 0.151 0.300 -77.51 60.64 98.68
0.459 0.168 0.238 0.462 -63.40 41.67 94.12
0.493 0.260 0.404 0.646 -47.26 55.38 59.90
0.527 0.405 0.381 1.048 -23.15 -5.93 175.07
0.540 0.162 0.104 0.441 -70.00 -35.80 324.04
0.543 0.310 0.366 0.772 -42.91 18.06 110.93
0.586 0.345 0.204 0.504 -41.13 -40.87 147.06

1% 4 AT, K SR 3 - MCPDE & R 78
0. 108 ~0. 586 mg/kg, 13t W oA 28 113 K 445 1) K o i A=
Buifi1E 3 - MCPDE J54%, ] fig 5 K G A 2 h
b R 2G5k B A LA 2. 3 - MCPDE & &
TEREARER S R R R A A4, o B 6 B T
Bt K4 3 - MCPDE (78 4b5 5331y - 77.51% ~
-14.72% . -40.87% ~ 184.52% .40.28% ~410.00%
Kl 3 — MCPDE 75 o f0 LBE W s /b, 7 e 2
R T A G I R R 7K 35 P S R T 5 A i T B
3 —- MCPDE & & A 80 XA W/, i e R AFIE T
W [ 300 PSS 48 3 — MCPDE (194 4 3L 7 R
A IR, [0 s 0 550 ST DA B35 4% 3 — MCPDE! 5
TEMB R TBE 3 — MCPDE & ] 3 i, 7 g 2 B 4%
ZRVRHAEAE SR T[] I o6 3 P L B 26 1 LA 3
53 HIM = R KA B H — R A H R, X 2 T A
Hg ] A B AR R B RN R I R T
3 - MCPDERIEIR™ . MMk K& lf 3 - MCPDE &
4 0.300 ~ 1.048 mg/kg, 185K 5% 45 38 i K
il 3 — MCPDE %54 0.22 ~ 1. 22 mg/kg 3
FE P, 495 4 BB (EU ) 202071322 1L AE 9 Ok & 3tk
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3 - ZNWE(3 - MCPD) fi1 3 - MCPDE i & £ A i
1.25 mg/kg HYFREEOR
2.2 BB EM AT KRB R P R X
BRLVAERB .G BEAEN TN

FERG R T B ik 18 B 5 S sh IRy i A7
BB, RGBSR SRR RS, DASE B R
U FE A HERE ], FE LR FE R AN B B 65 T B M oA
SROERANAE LT, PRI LR B A5 L IR
JEE 2 T R ATk A v BT % g 8 5 v B S R L AR
Bl SR, S5 R ANER S R,

*5 MEHRNEOATREHD RN,

SEB . HENSERTHE
: S ARl 2%
N e AT —
i/ C T (me/kg) (me/kg) i EEB R
K 1
1 244 0.833 525 2828
2 230 0.380 58 2919 -54.38 11.62 3.22
3225 0.317 610 3240 -61.94 16.19 14.57
4 220 0.265 625 3236 -68.19 19.05 14.43
5 219 0.285 599 3181 -65.79 14.10 12.48
6 218 0.233 619 3195 =-72.03 17.90 12.98
LK 2
1 240 0.904 714 23810
2 234 0.576 692 2861 -36.28-3.08 1.8l
3233 0.441 680 2878 -51.22-4.76 2.42
4 228 0.311 749 2849 -65.60 4.90 1.39
5 223 0.264 762 2811 -70.80 6.72 0.04
#Lk 3
1 260 2.090 651 2855
2 258 2.096 628 2899 0.29 -3.53 1.54
30257 1.845 655 2983 -11.72 0.61 4.48
4 25 1.678 681 3054 -19.71 4.61 6.97
5 254 1.699 665 3005 -18.71 2.15 5.25
6 253 1.489 710 3029 -28.76 9.06 6.09
70252 1.449 711 3067 -30.67 9.22 7.43
8 250  1.249 724 3101 -40.24 11.21 8.62
9 248 1.135 732 3186 -45.69 12.44 11.59
10 246 1.055 728 3212 -49.52 11.83 12.50
ik 4
1 240 0.834 941 3150
2 230 0.610 944 3043 -26.86 0.32-3.40
3224 0.405 945 3126 -51.44 0.43-0.76
4 220 0.348 964 3103 -58.27 2.44-1.49
5 219 0.313 955 3131 -62.47 1.49-0.60

RS T R I B S B

HIZE S AT, Bl 3 SR I P8 ) R A, R R DR 23
SRS e U R A N A SV (17 W S

FEH 244 °C [ 2 225 C A =4tk 2 p i R
240 °C [ 32 228 °C i, A K S v i IR W IR &5
435 HT 0.833% [& % 0. 317% 0. 904% [4 % 0.311%
Bl K R G R 1 2R (< 0.3% ) 5 1M 24
APPHEUR 3 I 5L IR B e 260 °C [ 25 246 °C B, K 1
K s R D R bl 2.090% [ 1.055% ,
W AN B T A2 K 9 2 R 2R I R 1 25K 5 X A = it
WA ARG SR B 240 °C [ & 219 °C, K5 H1 K 53
R R D R 7 i b 0. 834% [ %50.313% , 1 HH 24
It R TR R AE 220 °C 22 A7 I, 5 SR Rl R
G 7 R ) B SRB A30T

HH e 5 IR AT, Bl 0 SR R I BRI A R
T A T R £ P VA TR T, AR K
1R B 2 225 C LR, K A4 & &
EEE T 14% ~19% S ER S 1T 14% 54
A TPHEIR 30 B S B 260 C [ % 250 C LR,
BB S RIRS TIE 2%, SRS ERE T
10% o PRIE , o6 R0 30 38 1) B AU e — 8 AR B b v] A
DR G HE SRR R
3.8 ¢

SXoF BRI O SRS Ao R v R D L R R
JIGE 7o A0 0 SR 90y S 54 Tk 0 SR e R v G SR Tk ) 2
B | EEAEA 5 B R R R IR 3 - ST
PTG S5 T i B 1) A AR AT T b, R
LUNSE e

(1) F BRI BAB R TN, AR 7 B A0 55 A
B LB AR, B0 15.01% ~
22.35% 1 11.51% ~21.54% , Hirp A= &y 2L 7E
R T B 2, 5 k % 10.53% ~19. 85% , i i
FEAE ORI T B R R T B R, AR A A
5.81% ~13.17% 1 1.22% ~9. 18% ; %5 4% K 5.0
A RRITRR & 58 0.761% ~1.487% , Joikif /&
AR s iR 2Kk ( <0.3% ) ;3 - MCPDE %
AR R R AN AR AL, FL e R B 7
it s T BB 2y, A 0 S T BB S R K T
3 - MCPDE &1/ 0.300 ~ 1. 048 mg/kg, i /& KK 23
G 1.25 mg/kg HRREEER

(2) PRI SRS T 2F Bt 25 0 R0 308 8 174 o
%R b R e & e A, S B B
P O P S B A TR T, XY 0 B T B & 220 “C i,
i B b s R 0 e e e 2 R T R 1Y)
BR(<0.3%)

S O s RN N7 AN e NN
T ORIERS B R 0 1 R A AR R, d AR

(FTH%55R)



2024 4 55 49 15 55 8 1] T

i >

[9] FANG Z Y, L1 G Z, GU Y, et al. Flavour analysis of
different varieties of camellia seed oil and the effect of the
refining process on flavour substances [ J/OL]. LWT -
Food Sci Technol, 2022, 170 114040 2023 - 11 -23].
https://doi. org/10. 1016/]. Iwt. 2022. 114040.

[10] X5, DGR , A 2. 40 KR 2 R XUBR 1 23 B

BT i L] a4l Ko 2 4, 2009, 32(2)
173 - 176.

(117 X025, S VU, WRIE , . AR T 201 B0 75 3 rh
SR AR AE U S22 B F 58 LT ] o DR
4k, 2023, 38(7): 123 —132.

[12] 252 ¥4 EH, R, 5. 08 vm Irle bl A ol il 2% 14
A A RN o [ ] v B 24, 2023, 23
(7). 289 -306.

(137 EHFBE, B0 PF, BRIERR, 55, 36T GC — IMS 43 #7 3 Fp£L
PRI 7 A AR 2 IO R B SO0 ) 4 R M iy 22 e [T
i TR, 2023, 44(24) . 301 -310.

[14] SMIESR, 15535, sk, 45 R RO KX BR AL 1 251
IR FE R R BT SZ e [T ], Zh W SR R,
2021, 33(10) ; 5664 - 5676.

(15 ] DU A [R] b T 200 3l 9 o ol o 20 R ™ i Jo
FIEZMA [ D ] FRIM < 30 R Tl 2 ,2022.

[16] SBFUF, KRB, A5, 55 BT HS - SPME - GC/MS il
M B A [ 2% b A O B e A [T ] r
FRE AR (IR 2023, 47(1) ; 32 -39,

(17 ] ZE3e, X0, XA , 55 FOAE PREAGS He i Ll 2% it
st 5T AR AR B3 s [ ). A g , 2023,
48(9) . 15 -23.

(18] XIRER, B PF, i, 55 FE T UM - B TR 14
AT 2 23 B 5 P v RS 1B 45 e My [ ]
5 KTl 2022, 48(22) : 269 -278.

(19 ] 5KAE  AREHE, BTl , 45 3 Ml [l in 107 =00 2
PERMER S R [T ] B dh i A I 24, 2023,
14(2) :307 - 315.

[20] Z=0RF, B2 A AL, BE T, 45, SHERT25%F UPLC fR 40
TEHESL AR R BTN SE [T ). KA = W BT 58 5 7
K, 2023, 35(4) . 551 -561.

[21] Foife, &2, R EIE, & BT 2 2 A 95 il e
WAL [T ]. SRRk, 2023, 44(22) ¢ 55 -63.

[22] RKBE, MR, #3558, 48 25T GC — IMS 7347 R Ik
FRPRIKK AR AE R AED R [T ]. &6 S5 U,
2021, 37(12): 26 -31.

[23] 5K, 5 33, AR IF %, 5. JE T GC — IMS 2551k 3 )

TSI ATE RS b AR I X AR A PR IRV ) S 1Y 5 1

] &Rk, 2023, 44(22) ; 337 —344.

TWHEEREE. AL G YR B EIC A [ M ] 2 5, £8L, 5

P87, A% JEat Bl it ,2018.

[25] JIA X, ZHOU Q, WANG J Q, et al. Identification of key

[24]

aroma — active compounds in sesame oil from microwaved
seeds using E — nose and HS — SPME - GC x GC - TOF/
MS[J/OL]. J Food Biochem, 2019, 43 (10): 12786
[2023 - 11 - 23]. htps://doi. org/10. 1111/
jfbe. 12786.

[26] JIA X, WANG L F, ZHENG C, et al. Key odorant

differences in fragrant Brassica napus and Brassica juncea

oils revealed by gas chromatography — olfactometry, odor

activity values, and aroma recombination [ J]. J Agric

Food Chem, 2020, 68(50) ; 14950 — 14960.

[27] Hikse, 2k ae, 58, S5 ASIR] B T il o 9k A 42 4
PR 0 2 S o B [ ] £l 5 8 Mk, 2024,
50(7) :259 -268.

(E#% 40 1)

R R 3 7 v, R 5 I 4 B s B (180 ~

220°C,60 ~70 min) , FF =5l B 5 (240 ~ 250 °C,

10 ~20 min) B0 5 T2, ATFE PRI At K 5

JRC RIS AR AR 19 F A o

S% 30

C1] SR 22, E R, AF AR SR b e R E
G5y Mo BISELI]. PIERg, 2017, 42(3) : 35 - 39.

(2] ARLTA, B2, e, RIS b 7 B A it i
HPLC W1 5 5 b [J]. o [ 3 i, 2006, 31(2):
47 - 49.

(3] dlABL, EVl, RUARIE. R AR 55 20 R UL S I i
HUptEitRE(J). Eri LK, 2014, 30(5) 288 ~293,
298.

(4] BOOUOL A A5 . A I VR IR Sy 2 At S

MIWFFEERELT]. HEIn T, 2014, 39(4) : 40 —44, 47.

[5] XUE 22, BB, B2, 55, FORMB MO FE s s T8
A B HOE 3 — PN IR R 246 K S R S A 5
[J]. &EMBlH, 2019, 40(16) ; 286 —292.

(6] XU 22 5RAH, WISCHE, 45 K B AR i L2 i 5t R
X H e 2EL 8 B 3 — DA R 4 K ik P ) 52
[J]. JEmAE, 2020, 45(2) . 81 -85.

(7] XE 22 ARBAT, BFH, 55, WA BLER K Sl 3 -
SUNEERE S Ai K H R pE e [T ] b g, 2018,
43(11) . 57 -62.

(8] I BEFE BAUE, R, 55, B 3 — SN Bl A AT
FEHERELT]. G, 2017, 42(7) : 59 - 64.

(9] SR, XIE 2%, P 58, 45 A [l 8 A A H R 4L
3 — MCPD Pl GEs S at5E[J]. [ lg, 2020, 45
(12): 38 -43.



