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Effect of deodorization conditions on comprehensive quality of sunflower seed oil
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(1. College of Food Science and Technology, Henan University of Technology, Zhengzhou 450001 , China;
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Abstract : The contents of phthalic acid esters( PAEs) , polycyclic aromatic hydrocarbons (PAHs) , vita-
min E (V) and sterols , and changes of fatty acid composition, acid value, peroxide value, smoke
point, color of sunflower seed oil were analyzed and compared under the deodorization conditions of 220 —
270 °C, 100 min and 40 — 120 min, 260 °C to study the effects of deodorization conditions on the compre-
hensive quality of sunflower seed oil. The results showed that with the deodorization temperature increas-
ing and deodorization time prolonging, the removal rates of each PAEs and PAHs component increased
gradually , the contents of V and sterol decreased gradually with retention rates decreasing from 94.6% to
63.2% and 94.4% to 81.6% , and the content of trans fatty acids increased gradually from 0. 17% to
1. 16% . Synthesizing the effects of different deodorization conditions on PAEs, PAHs, V, sterol, trans
fatty acid and other quality indexes, the appropriate deodorization conditions based on PAEs and PAHs

removed deeply were 260 °C , 80 — 100 min. Under these conditions,the retention rates of V, and sterol
were 73% —75% and 82% —85% , and the content

Y75 H#A:2017 - 12 - 31 ;&6 H#A:2018 — 08 — 07 of trans fatty acids was 0. 88% - 0.90% . The
HAWE. .+ =% BEEE SRR 32355 H (2016 YF appropriate deodorization conditions were 260 °C ,
D0401405) 60 min or 220 °C, 100 min based on ensuring BaP

{EEBAN X E 22 (1957) , 2, #04% , W+ A= 3 0, BF 55 07 1A] content meet the national standard, and under the
SyutBbIE I T4 AR 5 77 5 R 22 4 (E-mail ) liuyl7446 @ conditions of 260 C , 60 min, the retention rates
163. com, of Vi and sterol were 79. 3% and 85.4% , re-
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spectively, and the content of trans fatty acids was 0. 69% ; while the retention rates of V and sterol

were both above 94% , and the content of trans fatty acids was 0. 17% under the deodorization conditions

of 220°C', 100 min. The optimal deodorization conditions could be selected according to the content of

the risk ingredient of the bleaching oil and the requirement of the deodorization product oil, and the com-

prehensive quality of sunflower seed oil could be improved by using the precise deodorization technology.

Key words : sunflower seed oil ; oil deodorizing; phthalic acid esters( PAEs) ; polycyclic aromatic hydro-

carbons( PAHs) ; vitamin E(Vy) ; sterol; trans fatty acid
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GC %4 : TG - 5MS S AH BN €35+ (30 m x
0.25 mm x0.25 pm) ; 25 RS (4 99.99% )
AR 1 mL/min; #F 4 FR B 300 °C 5 FHRFE 7
RRIERIEE 60 CAR4F 1 min, SR )5 LA 20 C/min F+ 2
220 °C , /545 1 min, L) 5°C/min F} & 280 °C ,{#¥F
4 min; FFAER 1wl AR

MS £ B PR B IR FL T RERE 70 eV 5
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7 80°C £-FFE 1 min, Fifi J5 LA 20 °C/min 3R T 5
180 °C ,3 °C./min T} % 200 °C ,6 °C/min T}+F 250 °C 3§
%45 3 min, L 3°C/min F} & 300 °C -4 +F 16
min; JRPOR 2 AR AE, SRR 2.0 pL; 2N
AR (B =99. 999% ), {5 i A X, i 1. 0

mL/min

MS £ B TR B U FL T RERE 70 eV B
TR BE 300 C ;& 5y 4 R BE 300 °C 5 kT 22 ¥ 35t 25
RA, P SRR T
1.2.4  SEfpfrlih v, & EE

I8 GB/T 26635—2011 { St i g 4 &
FAE = o e SO ) IR 4
Liez)

TR AT 3 2% R 2475 5 G K T 45 5 Waters
Spherisorb NH2 {4354} (250 mm x4.6 mm,5 pum) ;i
HAAECSE - N BE(ARFEL 990 1) 5 i #k 0. 8
mL/min; # & 40 °C5 3 & P K 298 nm, & 5 K
325 nm,

Z: [ GB/T 252232010 ZhAH Yl g £ FE 4l
BSOS A o I SR R ) IE X S A AT
k.

S 417 HP - 5 B 4045 835 45 (30. 0
m x 250 wm x0.25 pm) ; #FE R EE 300 C ;2000
AR, A EE 200 1 AR 1.0 mL/min; FHEFE
5 285 CA5-4F 30 min, P4 10 °C/min 3R THEE
300 °C,f&4%F 5 min; FID £ 5 5 B2 360 °C 5 i A &
1 pl,
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SAHETE AT S AR AR A% (FID)
HP — 884,14 (100 m x0.25 mm x0.25 um) ; #1
KRR IHE, 140°C %4 5 min, 4°C/min J1 &
240 °C 24 30 min; A FELEE 260 °C 5 A5 I £ i 2
280 °C ; Zr Ui bE 50 15 FFFE R 1 L,

1.2.7  ZEAERFI Y B 6 bn I

FR{EI % : 2 I] GB 5009. 229—2016 & /iy % 4=
FE ZARE 5 PR I ) s 1 AR (I - S R
GB 5009. 227—2016 & i % 4 < hn it £ b bt
SAALAE I E ) 5 CLEME : 2 B GB/T 22460—2008
CEtE Y ag 2 2E ERE IU AE ) 5 JE S0 - 2 IR
GB/T 5531—2008 (A4 35 A8 477 B in #4305 o
2 Z#ERE55H
2.1 MR FAMAFERLAT B T PAEs BLrk 2 R 49
¥

K AR B B 25 A% S5 AU AT I R T /K 28 R
JE 5L, XA R B S5 A T ZE AR Al v PAEs 2H 73 %
R ZE R IR 1,

FE 1 A LLFE H, 8 F PAEs 44 43 ' DIBP,
DNOP FEFr A A R AR, HAR 6 Bk o
TENE L[] 100 min Z5 4T, M6 5L BE 220 °C 1,
DBP .DEHP  DINP Jiii B 3% 4> 51 k1 9. 4% . 61. 9% .
61. 8% ; i 5L iK B F+ & & 240°C i}, DBP,DEHP,
DINP iR 4054 18. 7% .95.2% 92. 1% ,DMP .
DEP BBP JLift 5¢ 4 JBid B 5 4% 2 T) 6 5 0 2 =
260 °C ,DBP .DEHP DINP i [543 i3k %] 35. 7%
100% 99% , 5% B4 4 43 53] 4 0. 151 mg/kg ., KA H |
0.001 mg/kg, TEMIRIEEE 260 C T, 45 J I 5L i [i]
% 80 min, DBP DEHP DINP B[ 43051 8 23.4% |
71.4% 75.3% ,DMP .DEP BBP JLiT 52 4l [ ; i
Y % I LA [B] 2 60 min, DBP . DEHP  DINP [ 5 %
IR 7. 7% 42.9% 36. 0% , BRSSO A R FEAH
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M 38 534l 1, DBP DEHP | DINP 5 Al 25 73 XfE
DA ER , ISR AT BE 23X 3 4 23 72 P ) 75 5 45

e, L R T A LR R I i [ Y 2% 1 A
BERBERR L3 50 22 45 A5 B i Sk 2 — B0

1 FEBEEH FELIFHT PAEs &8
Wit s PAEs i/ (mg/kg)
/T ]/ min DMP DEP DIBP DBP BBP DEHP DNOP DINP
JilR R 0.035+0.002 0.012 +£0.001 ND 0.235+0.008 0.007 £0.000 0.063 £0.002 ND 0.089 =0.006
220 0.002 £0.001 0.006 £0.000 ND 0.213 £0.002 0.003 £0.000 0.024 £+0.001 ND 0.034 =£0.003
230 0.001 £0.000 0.002 £0.000 ND 0.206 £0.001 0.001 £0.000 0.013 £0.000 ND 0.023 =0.002
240 ND ND ND 0.191 +£0.001 ND 0.003 £0.000 ND 0.007 £0.000
250 100 ND ND ND 0.186 =0.001 ND ND ND 0.002 +0.000
260 ND ND ND 0.151 £0.000 ND ND ND 0.001 =0.000
270 ND ND ND 0.142 +0.001 ND ND ND ND
40 0.003 £0.000 0.004 £0.000 ND 0.229 +0.002 0.001 £0.000 0.041 £0.004 ND 0.064 +0.002
60 0.002 +£0.000 0.002+0.000 ND 0.217 +0.001 ND 0.036 +0.002 ND 0.057 £0.001
260 80 ND ND ND 0.180 £0.002 ND 0.018 +0.001 ND 0.022 +0.000
100 ND ND ND 0.151 £0.000 ND ND ND 0.001 =0.000
120 ND ND ND 0.128 £0.000 ND ND ND ND

T ND FER A B R IE A I + bR 2. R,
2.2 BLE A GEAT I PAHs B3R 69 R BLOXPASRIIG B 25 R 25 kil PAHs 410 & &
A3 R R TR B B 25 A Bt S5 AR EA T IEA A, 25 SR LR 2
2 FRABREUGHTEETHT PAHs &8
PAHs ¥ 5 (100 min)/( wg/kg)

PAHs &5 (260°C) / k
PAHS s B ( ) /(ng/kg)

JirR R 220 C 240 °C 260 °C 40 min 60 min 80 min
Nap 89.518 67.756 19.380 14.619 61.926 28.048 18.859
Acy 3.760 2.260 1.733 0.670 2.059 1.413 0.959
Ace 7.585 4.512 2.184 1.104 4.346 2.065 1.502
Fl 19.724 6.071 5.442 4.116 9.019 6.827 5.004
Phe 102. 166 83. 669 53.485 39.211 81.051 65.029 45.236
Ant 17.924 12.397 7.515 3.984 12.142 7.152 5.290
Flu 81.507 74.024 55.467 28.009 71.970 50.370 35.785
Pyr 148.617 126. 180 87.627 28.563 133.591 87.190 47.079
BaA 16. 050 14.751 10.310 3.350 14.260 9.858 7.469
Chr 4.853 4.341 3.305 1.325 4.010 3.047 2.481
BbF 11.320 10.041 7.876 3.018 9.717 7.202 5.376
BkF 4.498 3.892 3.447 1.617 4.284 3.131 2.713
BaP 10.483 6.763 4. 604 ND 9.585 7.244 3.550
IcP 7.595 7.116 4.860 2.258 7.162 4.079 2.441
DhA 1.178 0.747 0.517 ND 0.837 0.517 0.217
BgP 14.247 12.123 10.752 1.950 12.394 9.156 4.940
LPAHs 486.851 391. 620 243.143 123.626 390. 364 257.952 167.183
HPAHs 49.321 40. 682 32.056 8.843 43.979 31.329 19.237
PAH4 42.706 35.896 26.095 7.693 37.572 27.351 18.876
PAHI16 541.025 436. 643 278.504 133.794 438.353 292.328 188.901

E R 25 (LPAHs) :Nap, Acy, Ace, Fl, Phe, Ant, Flu, Pyr, BaA; £ #7351 (HPAHs) :BbF, BkF, BaP, IcP,
DhA, BeP; [ 5 PAH4.BaA, Chr, BbE, BaP;2[E {43 PAHI6 4 |34 16 Fit PAHs,

T2 T LAF Y, SEAEAF I D 16 b PAHs &5 PAH4 (B 5I0 35. 5% (15.9% , 5% B 5 431
YT S i A2 R B LR T R M BRI b 6. 763,35, 896 pg/kg, BaP ik £ [ R R hE (10
Feo FEBLELMTE] 100 min | fid 55K 220 CHY, BaP,  pg/kg) ,fH BaP Al PAH4 3958 I R4 (2,10
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FoH

g 5

we/ke) s B L ELIEE 2 240 °C, BaP  PAH4 i %
A3k 56. 1% (38. 9% , 5% B8 & 4> ]k 4. 604 .
26.095 pg/kg,BaP - FE4R, {H BaP F1 PAH4 {51k
ANBI R W PR A 5 4k 2 T i EE & 260 °C, BaP \ PAH4
MR R 100% F1 82. 0% , BaP F1 PAH4 %% 53 & 4y
AR AGE TN T. 693 pg/ke, A RIRCH R[] INf
A, M SR B AE 260 °C I, BV A 5L (] 7E s
1) 40 min Ff , BaP 13k 2 E AR & . N bk 2]
T, PR AN ) Ay RIS 2 o 326 5 P 7 114 35 4 58 5 AR
VRBER B2, LS PAHs 1945 5500 B B 32 1

IHEUDBUR AR I FEREAR . B AR AR R A%
F 1, LPAHs i Bk & % T HPAHs Jhi bR 5, J A 2
LPAHs s o5 S H20T T 10 R, B ) B /K 78 U
f i, IR ARAR T e — B
2.3 BLRFMARIEATE T A BB H 0
R Ve R BAT BGR PR RE T
MR RGBT (2 ~ 3 g) n] A ALK
Ao L T2 1 R S a3 v LG e T A
g PAAERE . XA [ R A T S48kl h Ve
i i SR B SRR N 5 R0 3 3k 4 B

R3 ARRKREGTERFBP V,SERFREER

Vi é\i/(mg/kg)

MR IREE/C i R B} E]/ min

B/ %

a-TP -TT B-TP y-TP (B+y)-TT §-TP §-TT Mkt
i RER 398.72  ND 68.90  37.49 52.82 19.92  15.86 593.71 -
220 395.75  ND 64.48  37.04 39.75 13.55  10.86 561.43 94.6
230 388.32  ND 63.75  35.01 37.83 11.08  6.42 542.41 91.4
240 100 360.90  ND 62.08 28.12 33.58 10.50  4.89  500.07 84.2
250 358.83  ND 49.13  22.43 17.67 8.35 3.52  459.93 77.5
260 333.34  ND 47.07  22.07 20.63 8.58  7.33  439.02 73.9
270 318.16  ND 28.38  14.43 20.01 8.08  4.24 393.30 66.2
40 360.95  ND 59.61  29.94 33.10 18.01 16.70 518.31 87.3
60 340.01 ND 49.17  25.07 24.87 15.30  16.31 470.73 79.3
260 80 334.00  ND 48.64  22.67 22.25 9.82  7.70 445.08 75.0
100 333.34  ND 47.07  22.07 20.63 8.58  7.33  439.02 73.9
120 300.10  ND 38.30  17.40 15.02 3.34 1.20 375.36 63.2
F4 FEARMREGTEEFHPEEEERREE
N . L HBE S/ (mg/kg)
BARLSC RAMB min o ifim onm p-num o -ommm  am /%
JiERER 206.23 351.24 1 971.59 404. 60 2 933.66 -
220 200. 49 312.70 1919.01 337.85 2 770.05 94.4
230 188.71 300. 57 1 903. 62 247.30 2 640.20 90.0
240 188.82 319.04 1 855.47 265. 11 2 628.44 89.6
250 100 201.21 313.49 1 801.27 196.71 2512.68 85.7
260 189. 46 292.04 1 780. 66 161.55 2423.71 82.6
270 188.06 301.36 1772.27 155.25 2 416.94 82.4
40 194. 40 313.35 1812.89 232.40 2553.04 87.0
60 197.65 290. 34 1793.95 224.02 2 505.96 85.4
260 80 195.44 288.91 1 802.85 198.72 2 485.92 84.7
100 185.93 301.22 1773.91 168. 06 2429.12 82.8
120 184. 68 283.37 1 760. 55 164.78 2393.38 81.6

M3 LA SRRV LA R 1 f
o - AR B R, AV SRR 67% 31X
55 Abedi 2" f K0 25 5 — B, B 5L ] 100
min [ Bl 593 T iRV 450 5% SR, i B I
T 230 C I, Ve PR B R KT 90% 5 bt 53 5 T
230 CIf, Vi I8 B R/ T 90% , i 5 T i 2
270 CHE, Vi £ B R B E 66. 2% ., i 5 EE

260 °C i}, Bt it 5 of [F] E 4V 483 5 S, 5 52 ik ]
M 40 min ZE K ZE 120 min B, V(R R M 87. 3% [
2 63.2% o X 7] fig 2 e K B[] 9 28 18 I 5L 3 %
— B Vi R4S 1 Bl A IR Bl B R S e
et

4 T LA W ZE RTINS 1) 4 Fb S i, 2%
AEFFIF L B - 7 S BE) 2 B i i o T IO R 3L B T
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15, ZEAE R P A A O3 B VAR B AL, X
A SR PR v L S P b o A SRR R
5 A B SN0 R S L R Ak JE 0 3 T A R
TR, B ELE E] 100 min JBE 5L BE /N T A T
230 CH, M BEPR B R K T T 90% 5 iR RE K T
85T 240 CH, LR B 2R/ T 90% | I 5L B 5
R 270 C I, 5 FEfR BA 8P 28 82. 4% it 5L ik B[]
FE R 260 CH, B I B[R] SE | 5 A 2H 5 M AR B8
B N SR
2.4 FL SR AR R R AT i R B BR 4 R 09 %R

X AN [R) S5 AP 58 5 i F 25 AR AT 1) i Dy PR 21 e
TR Al 25 R AN 5 fion . AR S [ LUB Y, 2%
AERTHH FR AR AR 107 2 2 AR v, e DA PR 5 it
i, IR WIIR M 60% L) b, 75 I E] 9 i 1

=i

W SLAAE TS N IR D5 R 2 & A 235 48 A8 A B
APEWIR 2 FEME R ] —5E (100 min) i, JZ
G TR (TEA) £ B 3 5 3% 14 T v 1 St 348
FEBI R T 250 °C 2 )5, RN R & i b g i,
260 °C By H A 52 250 “CHb Ay 1. 8 4%, I SR T =
% 270 Cit, REUIE MR S TR 2 1. 16% it
R RSN 22. 2 4%, F HLUR R TR & B T
NI o TE MR B — 2 (260 °C) By, i i 5
IS PR 4, i NG 7 R o S5 3 T e, 120 min B )
G iR & R A R 212 £ g
U 2 AT £ P 0ok B85 R L, A1 0 1R 3 Bk s A
DA LA T K, 500 A K 2 7 5 DR b A A i
T SR 251 , SR PO 3 L B4 AR 97 90 42 o e =X Bl
e

R5 BRRFZMITEIEFTIHAEAERA R BT

BESUREEAC RS L /min DRMRRAL I S i/ % _

Cl16:0 CI8:0 C18:1 118:2 C18:2 (C20:0 118:3 C18:3 C22:0 > TFA

iR 6.33 3.38 28.63 0.00 60.48 0.23 0.05 0.22 0.68 0.05

220 6.34 3.39 28.64 0.11 60.25 0.26 0.06 0.20 0.75 0.17

230 6.33 3.41 28.65 0.24 60. 15 0.24 0.07 0.19 0.72 0.31

240 100 6.35 3.38 28.61 0.29 60. 10 0.25 0.09 0.17 0.76 0.38

250 6.37 3.40 28.74 0.39 60.01 0.23 0.11 0.13 0.62 0.50

260 6.39 3.41 28.76 0.78 59.58 0.24 0.12 0.11 0.61 0.90

270 6.39 3.39 28.74 0.98 59.22 0.23 0.18 0.09 0.74 1.16

40 6.36 3.39 28.74 0.49 59.80 0.20 0.10 0.17 0.75 0.59

60 6.37 3.40 28.72 0.57 59.71 0.23 0.12 0.15 0.73 0.69

260 80 6.39 3.41 28.70 0.75 59.66 0.23 0.13 0.14 0.59 0. 88

100 6.39 3.41 28.76 0.78 59.58 0.24 0.12 0.11 0.61 0.90

120 6.38 3.40 28.73 0.89 59.31 0.29 0.17 0.10 0.73 1.06

2.5 BLBEEHRIETHER EI/ARG @
THH g R AN AN AT o 259 HH Y SR B o, 4R
T B0 S , oA TR Y XUBE , A BB B 90 IR 1 AR e

JE AR BT o A AN [ R A E A 2125
AERFIM BORRAE i A 1 L 58 MR A5 55 B A 4 o
FIRFEEo T, AR AN 6 FTR o

x6 AEAMREMGTEETFHREIER
JREIREE/C BREE/min - @R{E(KOH)/(mg/g) 2% AL{E/ (mmol/kg) (133, 4 mm ) W 5/ C

JiERER 0.290 3.04 Y16 R1.6 210
220 0.136 2.87 Y6.0 RO. 4 216
230 0.134 2.63 Y5.0 RO. 4 218
240 0.129 2.01 Y5.0 RO. 4 220
250 100 0.127 1.84 Y4.0 RO. 4 223
260 0.126 2.54 Y4.0 RO.2 225
270 0.123 2.83 Y4.0 RO.2 226
40 0.133 2.58 Y5.0 RO. 4 215

60 0.132 2.33 Y5.0 RO. 4 218

260 80 0.131 2.02 Y4.0 RO.3 219
100 0.126 2.54 Y4.0 RO.2 220

120 0.124 2.63 Y4.0 RO.2 221
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