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Abstract; To provide a reference for the effective reduction and control of risk factors and the efficient
retention of nutrients during the oil production process, using bleached soybean oil as the raw material ,
high — temperature deodorization experiments were conducted. A model was established using response
surface methodology, with deodorization temperature, deodorization time, and chloride ion content in the

steam water as independent variables, and the basic physicochemical indicators of deodorized soybean oil

(acid value and peroxide value) , contents of risk
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edu. cn, in the deodorized oil were analyzed. The results

contents of functional components ( tocopherol and
phytosterol ) as response values. Using the

established process model, the reduction of risk
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showed that the optimal conditions for deodorization were a deodorization temperature of 240°C, a
deodorization time of 50 min, and a chloride ion content of 74 mg/L in the steam water. Under these
conditions, the acid value of the deodorized soybean oil was 0. 119 mgKOH/g, the peroxide value was
1. 113 mmol/kg, the retention rates of tocopherol and phytosterol reached 93. 50% and 88. 45% ,
respectively. The contents of 3 — MCPDE and GE were 179.37 pg/kg and 326.69 pg/kg, respectively.
Compared with a commercially available soybean oil (3 — MCPDE content 630. 4 pg/kg, GE content
617.3 pg/kg), the contents of 3 — MCPDE and GE were reduced by 71. 55% and 47. 08% ,
respectively. In addition, tocopherol and phytosterol were found to have a certain degree of inhibitory
effects on 3 — MCPDE and GE as endogenous antioxidants. In summary, the established deodorization
process model can be used to predict the physicochemical indicators, risk factors, and functional
components of deodorized soybean oil.

Key words :soybean oil; deodorization ;3 — chloropropane — 1,2 — diol esters; glycidyl esters; functional

2025 Vol. 50 No. 12

components ;model construction

KRR E S — K s, i & b 30%
AL, PR 0 Tt 7 1 22 S PR R R R 45l R 56
g2l BRI, 7 AR AR 72 eh, i 2 IS (5 R
FEPE S BT S EER R e iR A A R A e i
G L8 XA E R EE W S BESE K EE R
R, i & & 3 - AINBERS (3 — MCPDE) Al
47K H g (GE) 28 XU 119 K B A . 3 -
MCPDE F1 GE {4 /K fi# =4 3 — @ N (3 - MCPD)
g7k H i (Gly) HA B ERBUE M, C o E bR
SEMFFEHLA (TARC) 43 5531 2 2B 25 F0 2A SR U8
P12, BKEA EU 202071322 $LE , ZH0- Yt 3 -
SR EEES (9 &5 (1L 3 — MCPD i) At 1 250
pe/kg, 46K H Ol g 19 & & (LA Gly i) A48 it
1000 pg/kg™ . FE GB 2762—2022 #i5 T H Bk
A 3 — MCPD g BR 5 o ([ 25 IR vk i, 3 -
MCPD it <1.0 mg/kg) H AN & AT 3 -
MCPDE myRRAE e . TR, KRG
3 — MCPDE Fil GE [ K 5 &, A 1 2 & ik
100% %0 v g e AR B e 540 4 . WF9E
FH RS R R AR A R B ) SR R T R
7% 3 - MCPDE } GE A= iy 5N, 4+
£} 3 — MCPDE A= i i 0 BRI o, 13 1 il A
Frad B AR TE I B3 K T2 AR 5 AT T
MM 3 = MCPDE A= g Fry JRURG: K A3 om0
I3 T2 K &8 S hlmish 3 -
MCPDE {JE J& Jt <8¢, H AT, % F 3 — MCPDE
F1 GE 85 XUR: PRl B i 58 0 A R 2025 48 i R T
ERFRERK A T & &X g+ 3 - MCPDE
1 GE HIR

2O NCR I DSL e e AR IRII] ity u i

i B 3 - MCPDE #1 GE 1yl & T B, DA R
MEE R ] ZER K P A A oy R R
U IVATIRZR Y ez =37 N M 0 2 & Sl S N e 2 P 5
K+ SE R R A8 A, S R G T 2S5
KRG R A1, LU A K 29 AR 7 i 7 v XL
W5z A1 1 5 g ks A B SR 0 o ) e R B B L O
EFE T o
1 Met5RE
1.1 X344
L1 okt 5

WK i, Tl R SRR )53 — MCPD AR A R
TRERRAE A (BERE 99% ) A5 — AR R 4 K H R
(ZPE99% ) , g Z35%\ v] 5 d5 =3 — MCPD £ A2
TR (AR 99% ) AR e K Hh R (SR 99% ),
SR TRC A7) 5 KOG H BE (AEE 95% ), iU i
AR A RA A 550 - IHE Lefs (4R =95% ) |
a-HFHMW(ME= 9%) .- LT MW (M=
9% ) vy - LB (4= 99%) .6 - & F W (4
E=99% ) N,0 - X ( = HF HerkH) =5 & Wi
(BSTFA) (4lifif >98% ), Sigma Aladdin /3] ; 1F O
SN A I NSNS B G R N 4 S
kol RILANER (PBA) | H EEAN RALAN JBRER . &
fik PK SR — S H e B R SN A CB R A L
U NN X3 55 T T
1.2 g5k

GC8890 — MS5977 < it & i — Jx i Ik I 4.
7890A S ALY, 36 H Agilent 23 7] ;1CS —2100 B
T4, 2[5 Thermo Fisher 23 w] ; & R AH (8 13
1, [ Waters 23 w] s IKA BUJE 5% 78 B AL, SCARALES
WATA A ] MTN - 2800W WA, K i B0 5 2%



2025 4 25 50 %% 55 12 ) el

iR 25

B A BR 2\ s TDAC B & X B 0L, Lo R
BT s WA BR 2 w5 AUY200 43 47 KF-, H A
Shimadzu A #] .
1.2 &X¥7Hk
1.2.1 KRR

FREX 50 g f¢ B 5L (B R ) F = HBef
W R S B KRR R (A
JE < 100 Pa, Horp T2 /K & B F % 3 76 20 ~
200 mg/L) , FHLAE L™ A 2 $IEVR, SRS TR A
Z i (220,240,260 °C) |, R0 T L2598, 1+F
TR AL A ST, FTHFZ8RIRIT] 38 A FAZE 0T
AL — € B[] (50 ~ 130 min) Ji5 , 4RI OCHI#E T
P FEAS DT BRI I & 60 C LU ),
BUR = FRR, S P BEAE AL 25 2 XA #4712
FECORAT , R
1.2.2 K&+ 3 - MCPDE FI GE [l 2

ZSCHRL 10 ] /Y 77 ¥R IF R4 T T e, R M
i - BT (GC - MS) [A] £ 3 — MCPDE
Fl GE &+, Horh 3 - MCPDE il GE 1 & 7t B 4331
20 pg/kg Fll 50 pe/kg.

GC 2&f: DB — 5MS E4148 1% 4 (30 m x0.25
mm X 0. 25 um); HARAMmaia R (4 =
99.999% ) , i3k 1 mL/min; FEAE F16 280 °C 5 b
AR THERE R I WILG IR E 50 °C, A 20 °C/min J1E
£ 170°C, L 10 °C/min FHE % 210°C, L) 20 C/min
FHE 2 280 CIHFOREE 5 min; ik vl AN 43 F 4 A
1 pl,

MS Z&fF: W F & i 8 78 (EL); B B fig &=
70 eV B FURIR B 260 °C ; (L 2 280 °C 5 B+
P (SIM) 5 R IER T E] 4.5 min,
1.2.3 KRG HEATRALAR bR i 2

FR{E 52 , 2 B8 GB 5009. 229—2016( £ %
S ZARE ST ER M I ) 5 i EAR (A A E
Z i GB 5009. 2272016 £ i % 4 FE Z AR & 5
e A I E ) s R AR TR (TFA) g , 2
IR GB 5009.257—2016( £ i & 4 E 5 b e &
S 2R 0 R I )
1.2.4  KEHBe s i

FEYI S BRI E , 2 B GB/T 25223—2010¢ sl
Yrimig S LR S B R I AT o

A F W I E S R GB/T 26635—2011( ZitE4)
W AE AT SIS R E SO 6
) VeSS, FRIO0.5 g (R8I 22 0.000 1 g) i
FEF 10 mL 258 50 b, 6% 2l 0 O b e 45, 1o
0.22 pm A ALYE B FEM w5 R A 0 3 4% 1

Waters Spherisorb C18 £& %4+ (250 mm x 4. 6 mm x
5 wm) s FERAR R 40 °C 5 WSO IE S ke - RN
E(PRFREE 99.2:0.8) 53 1 mL/min,

1.2.5  Hdanth

fili ] Design Expert 13. 0 B {747 i Bz 1 52 3
5508 A4 SPSS 21. 0 B4 o3 M Bcdhe 1] 22 5+ 1 3%
P, >R Origin 2021 B4 A7 150 B b 2 5 151 %
TR AT e S (4 B A 2 W, S R DL
PIE + bRl 227 5 o
2 FRE5WR
2.1 RARKRTABTEENMR R L P 3 -
MCPDE #= GE % g %9 % @

IR BT, SR 5 v 1Y OKORS R P A5 I R
i 3 - MCPDE & & 29 2 &5 7 & B AR HOKR
RT3k 3 - MCPDE & 80f 7 45 B i
NEXS R T Z KPR TR P BRI R
PRI, 7 i R 3 3 260 °CJfid ) 8] 90 min | JIit R
JI/NTF 100 Pa ARAFTT , 58 1 2R ADK A B 1
B R K S 3 - MCPDE #il GE & & 1%
M, 25 SR 1 Fis

22500

» —=— 3-MCPDE
= 2000 -e—GE

it

&1 L

%1500

- 1000 |

E

a

= s00f

S 50 100 150 200 250

S T i (mg/L)
1 #FRAKPEEFEEXNHREKXEMH
3 -MCPDE #1 GE &2/
Fig.1 Effect of chloride ion content in steam
water on the levels of 3 - MCPDE and GE in

deodorized soybean oil

Hi 1 Al B R OR il 3 - MCPDE il GE
F e 42 Bt 20 3 K S o i
Mo Sz AR B T /N T 100 mg/L R,
3 —~ MCPDE A4 s R 5 T GE 15 10 24 28 1K
R E T 100 mg/L i, GE i 4 i 4
T3 - MCPDE 1, iX Al g2 o 58 11E
3 — MCPDE JE B s 2R AR 5, AE R AR 55 1, )
fiest 3 - MCPDE HJE AL, 3 3 - MCPDE [ 44 Ji( i
ARE G, MR W T a3 BT, a5 0L B
BT, T2 3 - MCPDE 4 182 B 11 GE f9 4R
AN T BEAE 1, al d H R (DAG) 0 H i
(MAG) £ 5 HEAR I, P S S 5 3 i A o



26 CHINA OILS AND FATS

2025 Vol. 50 No. 12

Z [ MAG 1 DAG F T A GE, 113 GE 4= it id
Figiiid 3 - MCPDE fy (45 3CHR[ 12 - 13 ] 4551 —
2O o M, EIAE AR R R N 3 - MCPDE (i £4
PEAUN GE e [ iR o 7 o AR E , HE 0 M it
R T A B A, B = AFAE B S 5] GE e AL Y nl g
X BT RE S B R S T A i (> 100 mg/L)
i) GE YA i I 5 T 3 - MCPDE (., fhi[&] 1 ik
AT, AEZE UK R R T i 200 mg /Lo
R G GE & AE 2 000 pe/kg Z247, Tkl Ik
AR (1 000 pg/kg) BoR 1 3 ~ MCPDE 54 %
B 1250 pe/kg AR OK, (H& B BAE .
PRI, et i S i B 2 7 K HP G B 1 5 X i

x1

JIit 53 3 — MCPDER GE ()4 il A AR .
2.2 KewmBLRIaRE SR TRIEL A ERS
G ey T AR M
2.2.1  ma AR IR s gk

FEFUR I e 2. 1 g iy &L Al b, L2 3 -
MCPDE F1 GE [y 3¢ & X 2 i 5 & B (220,240,
260°C) JBLELEF ] (50,90 130 min) FIZE ¥R K &
BT E (20,110,200 mg/L) oy H 72 &, DU R K
TEEA A HE An (BRAE o k) AR+ (3 -
MCPDE \GE \TFA) & g Fl =2 D) RE A o3 (A6 7 i FIAH
Prme) S it e LA (Y)W BE R 28 S AT R
NP M AR T M ZE R NFE 1 PR

we R R IR IR T R AR

Table 1 Design and results of response surface methodology
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Table 2 Quadratic fitting equations of each index model

FEFR(Y) FRAY 7

A KA

3 - MCPDE

GE

FE I S

Y=11651.156 02 — 103.018 26 x A + 7.789 28 x B — 0. 928 292 x
C-0.033719xA xB - 0.010 403 xA x C +0.015 313 x Bx C +
0.233 419 x A> = 0. 458 x10 > x B* +0. 012 619 x C*

Y =68 793.285 04 —581. 956 85 x A —31.534 05 x B —20. 041 58 x C +
0.157594x A xB+ 0.082 708 x A x C +0.368 1 x 102 xB xC +
1.230 41 xA* =0.018 913 xB* + 0.246 2 x10 > x C*

Y=-2.58209 + 0.022 66 xA+ 0.3928 x10> xB-0.314 3 x1072 x
C-0.621 875x10° xAxB+0.11 x10™* xAxC +0.722 22 x10™° x
BxC-0.48 x107* xA*> -0.18 x 10 ™ x B* +0.202 16 x10 > x C*

Y=8.459 58 —0.048 202 x A —0.028 903 x B-0.341 1 x10 > xC +
0.95%x10 *xAxB-0.17x10*xAxC+0.33x10* xBxC +
0.79 x10™* xA” + 0.515469 x10 7> xB* + 0.25x10™* x C*

Y=650.481 55 — 3.224 05 xA +1.628 56 x B -2.138 02 x C -
0.6363x10 2 xAxB+0.010001 xAxC—-0.337x10° xBxC +
0.3328x10 > xA> -0.108 4 x 10> x B> - 0.787 x 10 * x C*

Y=11228.72589 — 70.848 61 x A —9. 198 96 x B - 0. 335 957 x
C+0.0125xAxB+0.556 x 10> xAxC+0.022 917 xBxC +
0.140 625 x A> +0.859 4 x 10> x B> = 0.010 525 x C*

0.98

0.98

0.97

0.99

0.97

0.95

<0.000 1

<0.000 1

<0.000 1

<0.000 1

<0.000 1

0.1113

0.0717

0.345 1

0.100 9

0.468 7

0.749 2

TE A NSRRI B LRI ], € O S 7 it

Note :A. Deodorization temperature; B. Deodorization time; C. Chloride ion content in process steam water
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Table 3 Comparison between simulated results and the measured results
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