i SR = T S
A

Journal of Chinese Institute of Food Science and Technology

Vol. 23 No. 8
Aug. 2023

FORi AR B A2 AR SRR R TR

=HH

BEE ",
("I ERFRGRRFR
2 LR AR R A e A R ]

EER, A E >
FE M 450001

b &L 064000)

WE ZRBEFTLMD GBI O — L&A - T, Hrat R BT REE AT ARE 2 K0 h R4,
RA TR AT B A LR F R T2 4% M e Z RIS MY FELRA L R Em ERA @5
B AALBLSE B R0 R & T AL ROE SR dh i 62 h Frdh iR 3.5 C iRk & 1.4 C/min, A4 T 576 =
Kol P s F h 3475 melkg, B A B A2 4 84252 me/100 ¢, B E B4 24 1110.61 mg/100g, AARER A A G &M

BRI R R R T R AE
K EoA,; THEME, HHSE,; wED
XEHS  1009-7848(2023)08-0241-13

B 5V N2 I STHE Y S S S TN R A L
AEFIARIIR | B 4EA R E 25 ar I SBAF R
Wit T A B R A AR T, R R i B
BEAF LTS, SR, T K Il e A 77 5 45 o A v i
W EIRIIER SR, — 2R b2 maiy 9 Xt
TR ERE , ERBEERTITEY B0 7 A T2
TR A —E IR, SRS S
FURE, H R £ b P 5 T 5 22 1) b it 2 384
JTFRE AR 52 g fE B, SR, B AR AP AR TP AT
i Bl R R T2 LS AR A ORI | K
HE, Al B TR AT R, AT A A AR
1,

FEL) B Tt 2 A 0 i R A A ) 0 T R
G R ATT AT A v R I G I ] R AR
e 1L A8 A I3 H =T S LDL—JIH [ v ),
FERW, THEXPUE T RA BEER, Hh
B4 {58 T LR %o I 40 L 14 T 3084 2y A AT B
RIS IR ST R BA B2 TR B
AR S I 000 TR Y T A A o W A ) SR 8 )
AEC, BRULZ AN Y B Bk BAT U R 8 3
R AR A B P A S5 A

FE W S HA A W 2 L S I T A R R

Wim B HI . 2022-08-26

EEWH.: FHZEAKPHAEEE EWiH (31972110)
E—EE . S, L W

WEEE . D% E  E-mail: mcg@haut.edu.cn

DOI: 10.16429/j.1009-7848.2023.08.025

KR, YA MRS SR, HEAE Tl IR AR R o
T v 2 BN R A EE (A0 o I T R L
B K AR AR 3.22% , SR B (0 B R ARG
PR AH HE TG 25 P 22 50 DRI, A 00 Mt
R R A ) S AR AL AT TS, AR SCLA
BV STIPSEFAPIE S Bu Rt PN NN I ) VAT
B, 75 2 i Mt ek AR b R R R R TR AR R R
JE B R0 K v A LR
Hi AT AS SR AR

1 #REFEE
1.1 ER 5

88, T K WA T LU AR Bl T A S
fis & N 1 258.07 mg/100 g, Ui B S B &
276.05 mg/100 g, PR i B 5 982.02 mg/100
o, W& Eoh 168.79 mg/ke,

LR OTE OBk =AW bt A E LB oK
TR, 359k 3 A el g, R i v B 4 I Ak 2 300 A PR
W] IECobE VR 15 35 a2, o R L 2
TE MY 5 AEL T 2 A ) 2 I (40 B =98.0% ) 50— IH §55
ot B (218 =95.0% ) T ot B A6 A= TR IR (21 =
99%) .C46 (4l 98%) ,sigma /A Fl ;C44 (4 fE >
99%) . [E AHAE HUR: SBEQ-CA2155, | 5 24 3% 52 46
BHE A BR A
12 NB{5EH

Nexis2030 A € 3545, & a3 (D) A R A



242 hoE

M

2023 455 8
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1.3 RIEH*
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1.3.2.3 55 b Uk B2 X0 AR 40 55 A A1 M s 5 £
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RPFATRI
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Table 1 Factors and levels of response surface analysis

T LB E(A) RS (B) KRk FEC)/
K
C h °C-min™
-1 2 36 0.9
0 6 60 1.8
1 10 84 2.7

2 MR IR R S AR 1,
1.3.4 BEFEEIE SR A Mgk e
TR i T i AT O A, BRI A I T
HEIEC kT, A+ b BE AL AR BRERAE R
PIbR TR A Y50 J5 45 o 1) 5 1 0 14 11 AH 26 B
R RO IURE & T IR R W . A 10 mL R
BV porV 2m=99:1) V5 B THE | 376 Wi o 72 b k¥
Bkt T WA 3 LAWK T )5, A TES
BEE W . BUREHEAT GC 2 #T
1.3.5 AHY S EE S R B S Rk
M 27% Esche MR 5k, HEMFRE 30~40 mg &
K T IR AR R TR | S oI 55 e P
RWAR, IMAEC IR G A a8 H . U1 mL 7F
WAL T35 405 19 SPE AR rh A7 . 10 mL IR &
WV powV 2w=982) T Vel Bl (4 A),
20 LB AW (V ponV 2mon=96:4) LB T4k
Mo N0 mL BBV powV 2mem=5:95) U i liE
BB (5 B) . BUERMH A TER IR TR T,
2oy A Se HIE & B AT 90 CRAk, IMAIE
eI A S I EiEW ., 0 B B ALE C ke
S0 BT GC a3,
()AL R R R

&?X%%Efffxmo (1)

A, Co— B E oK gl P A 9 185 B &
mg/100 g; C— Bt 1 5 5 A 3 P A 9 £ 1 2
mg/100 g,

1.3.6 fifE (IV) BllE S8 GB 5009.168-
2016 (B S E R & g DR I 2 )
TR sl A GC I RE T IR B Wy R 2H A, B
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g,
IV=0.95xC16:1+0.86xC18:1+1.732xC18:2+

2.616xC18:3 (2)

1.3.7 #%ik 2% GB/T 35877-2018 (HiM
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Fig.1 Effects of stirring rate on iodine value

and wax content
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Table 2 Effects of stirring rate on phytosterol content in dewaxed corn oil (mg/100 g)

Bk R/ L B A A v
rmin' EWER 2EH SER & ReemMEm TeNm SeMEm &

0 45.19 + 22.18 + 151.74+  219.11 + 116.45 + 63.20 = 53456+ 71420+ 93330+
0.56" 1.46" 0.48" 1.38° 0.83¢ 0.55° 0.27 0.02* 1.36"

g 46.51 + 22.01 £ 15490 + 22342 + 115.88 = 61.47 = 53456+ 71191+ 93533+
0.19™ 0.01" 1.02* 1.22% 2.19* 0.77* 2.63° 1.21* 0.01"

10 46.11 = 22.20 £ 15739+ 22570 = 119.18 = 61.31 + 53734+ T717.82+ 94352+
0.30 0.04 0.99* 1.32% 0.50* 0.92* 1.10* 2.51° 3.83%

" 48.06 + 23.40 = 16159+  233.05 + 118.01 = 61.65 = 53788+ 717.53+  950.58 +
1.13 0.74" 4.72° 6.59* 0.15° 0.22 1.26 1.34 7.93

" 47.39 + 2245 + 15994+  229.78 + 118.18 = 61.14 = 53532+ 71464+ 94442 +
0.45"™ 0.07" 0.44 0.96" 0.45° 1.61° 0.90° 2.96" 3.92*

16 48.14 + 23.38 160.83 + 23235+ 115.10 = 62.85 = 52858+ 706.53+ 938.88
0.30" 0.86" 0.45° 1.61* 2.09" 1.15° 3.33* 426" 5.88%

18 51.10 = 26.30 £ 15772+ 23511+ 111.45 = 63.51 + 49334+ 66829+ 903.40 £
0.20* 0.10° 0.02* 0.31* 0.64" 0.57* 5.840 7.04¢ 7.35¢

W — SR R/NG F B 2R BUE A M 22 5 (P<0.05),



244 oE A

i oF i

2023 455 8

TR ARSI NI, 1 a5 I A5 A A L
RoEARK , B S0 ) s o /0N EL A, o R 22 T 0 22 il R A
2 WSR2 P R TR AR
FH 38 8 25 S BN RSE IR BB K, 51 5 5
Oy B RN S 20 S BUE I T B R B2 il R oK
TS RN Ik B (R B e o SRR A 0
BN 32 HR B8 Rl o [ AR B
U TR O B 2o 2 LT T8

FE R ATE B R v, 40P 3T A R
R 22 1) K G A 1) L R AR R S S 45 . B
HIEER A BB, SR R R LR R
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25.00%, 50t FORMAH L, SRR 121/
min [, G FS B B AR ZY 307.49 mg/100 g, i 75
RH 24.44% X vl BB T 10 r/min B, I G A 1A
TEA BN TEHE N 5 B s AR Ot A, PR T S
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M) 22 S PR/, AR AR AR R A0 A 5 R T A
BEEZERD K 3 T, SRR 0.9 1/
min ¥ I0%] 2.7 v/min B, EXRMPpES 20 -
T g MR B F28 05 S R 8 0 24 2 T Rt g (A
ARAK g BE /N, TC R E MRS, 0.9 °C/min B K
T H 0 B AR, A 19.05 mg/ke i T BB R T 2%
18 B AT RE 4 AT 2 s SRR AR
PR 88l 2o AR e 8 Bl g 2 U S s ] S AR
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Fig.2 Effects of stirring rate on phytosterol mobility
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Fig.3 Effects of cooling rate on iodine value

and wax content

SRR R BN Y — | A5 WA Z 8] X 55
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Z [ AR, 37— B 22 e R B
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Ry

H 2% 3 I 4 AT, YEEIREAEH 0.9 r/min
BN E) 2.7 v/min BB B AR B RS A
S BEEARRL, U0 285 655 P20 e A U AS 1A i 24 g 9 o
REE I, R S BEAE LLH =R O 3 AR I
s F R, SR E AR 1~4 pm BOERIR SR Bt
B JEAR TN B3 — o YRR EOR B AT
ek MaERR S RERL, HaReEk
A 2E00 AR IR E RN 1.2 °C/min B B T K
S A A B R, B TR 0.9 C/
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Table 3 Effects of cooling rate on phytosterol content in dewaxed corn oil
M im ik g/ w0 fig & & A% o e
C-min™ Kb Az 2 B 21 8% & b §BrEr 2 YRR S YEEE & L
0.9 49.35 + 24.99 + 172.02+ 24635+ 119.34 + 6195+ 549.11x 73039+ 976.74+
0.48" 0.10* 0.48° 1.05° 1.76® 1.53¢ 5.02° 8.30" 9.35"
12 50.17 + 25.07 + 17297+ 248.20 + 123.83 = 64.84 + 56897+  757.64+ 1005.84 +
0.23® 0.39° 0.27* 0.11° 1.21° 0.40" 0.87 1.68° 1.79¢
L5 49.59 + 24.76 + 171.79 = 246.17 £ 124.32 + 64.32 + 56829+  756.92+ 1003.06 +
0.55* 0.24¢ 1.00 1.79* 0.06" 0.22" 4.70* 4.97 6.76"
T 50.25 + 2544 + 17412+ 249.81 + 123.53 + 6439+ 56355+ 75146+ 1001.27
0.11* 0.23¢ 0.07 0.27 1.14 0.16™ 2.44* 3.41° 3.68"
)1 50.93 + 25.51 17442 £ 250.86 + 125.58 + 6434+ 55853+ 74845+ 999.30+
0.74° 0.43° 1.30° 247 1.22¢ 0.13 10.31® 9.22% 6.75*
94 50.90 + 24.42 + 17456 +  249.88 123.89 = 66.39 + 55473+  745.00x 994.88 =
0.21° 0.27 1.01° 1.49° 1.23¢ 1.39 4.69® 4.85% 3.36°
57 50.06 + 2713+ 161.13+ 23832z 118.63 + 66.76 £ 52346+ 70885+ 947.16+
0.26° 0.19* 1.51° 1.95 3.10 3.32¢ 11.16° 17.58¢ 19.53¢
TE A R/NG 2R RoR ] — S BUE A #1285 (P<0.05)
T LA K T 2055 R s w220, fy 18] 5 AT, Bl A
g T =M, ) Fe MR O CCHRENE 12 SR, s K sy v
BTG EIHER WSS 2 A
& 20f PRI R PR R BIRSh Fy, 3T s b JE i e v 7%
L2 LB 7 B A B B T AR
= SR N 0 CHE WG TP A BB . Rl T i
Y PEROR R) BT 1 22 b it A% i 266 2 O
. sorr A RIE 3 AL B ARG, AR MRS 2l DR M i 5 L2 I it

0.9 12 15 18 21
GRS
Cooling rate/C-min™
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Fig.4 Effects of cooling rate on plant sterol mobility
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on iodine value and wax content
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Table 4 Effects of crystallization temperature on phytosterol content

—— BB b5 24 % B sgm
¥ B A & B heA X G EEEE S E I A% RO hed
49.61 + 26.12 + 178.74 + 254.46 + 122.08 + 64.96 + 564.03 + 751.06 = 1005.52 +
0 0.69* 0.74* 1.62" 1.57¢ 1.77% 2.86% 2.73¢ 3.81° 5.38:
5 50.28 = 26.73 + 179.49 + 256.49 + 121.27 66.27 + 562.11 + 749.64 + 1006.13 +
0.97¢ 0.60* 0.46" 0.09° 0.85® 0.45% 5.22¢ 3.93¢ 3.84*
4 49.87 + 27.31 = 178.97 = 256.14 = 123.27 + 64.78 = 57247+ 760.51+ 1016.65 +
1.23¢ 2.20° 0.48" 0.50° 1.23¢ 1.17% 5.22¢ 5.16* 5.66°
6 50.40 = 2543 + 178.53 + 254.35 + 124.46 + 65.43 = 57784+« 767.73+ 1022.08 +
0.19* 0.05* 0.83" 1.07¢ 1.49° 2.18* 3.28:¢ 3.97* 5.04¢
g 50.49 + 25.92 + 180.04 + 256.44 + 124.81 + 63.84 + 57190+ 760.54+ 1016.98 +
0.28* 0.55¢ 2.34> 3.16° 0.58¢ 0.97" 8.55¢ 8.94¢ 5.78:
10 49.79 + 25.30 = 177.16 + 252.25 + 123.41 + 64.56 + 56823+ 756.19+ 1008.44 +
0.45° 0.15° 0.44> 0.75* 0.58* 0.54> 2.34* 2.38° 3.13¢
12 49.32 + 26.64 + 157.62 233.57 119.23 + 70.01 = 52282+ 712.05+ 945.63 =
0.07¢ 0.14* 0.21¢ 0.00" 0.80" 0.28* 8.54" 9.61" 9.61"
N RN FbE R [ — B B A W35 P25 7 (P<0.05) .
5B Kt 45 5 D I LA L, 0| | CHI ISR £ WRER
SR B T B 6 W R RN (18 6),
TR AR ARAL 7.00% , 525 55 W B A5 (18 L 20
A2 14.73%., 2475 LI B ARG, RS 7 1 55 -
L B 6 B, e LR O R 4 C =N
R, 7B K T A 6 i M (R IR 6 °C
AF) A2 5.43 mg/100 g, &S BT RL N o

19.19%, A fig 2 i T 4 CCH, B K e 5 st 5 itk v
fif ERE /N W Sy AL 25 T 6 CCHE, L S B AT
BRI, 200 18.76% , X W] RE [ i 5 4 CHH b
5 1L T R A AR EL b R 22 TR A Bl g e
H 28 4 AT, M 5% R O 12 CRE B B ot
F AR, T B I e S S R o
B B HZN B B AR A K S R K R T
S A 00 5 2o AR AR R

2.1.4  FF AL R AR ) S T B R B 1
o FRE R, SRS R T A I s R
PALE ST N W VB T B PR R R
FER B T IR RT PR S5 . BB T AT, S AR
BFIA]E 12 h 380 2 84 h i, i & i L BB R %
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I i it
Crystallization temperature/°C
6 FREEMNEVEEIBLENEN
Fig.6  Effects of crystallization temperature
on phytosterol mobility
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Fig.7 Effects of crystallization time on iodine value
and wax content
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60 h i & HS B B8 SR H 1K, I 14.61%, 5 12 h #
FEREMRZY 11.62 A F 43 o, I 12 h S5 R & 1K 54
AR TERE I ) 20 A% B 0 b VR Sy it A 2 i
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Fig.8 Effects of crystallization time
on phytosterol mobility
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Table 5 Effects of crystallization time on phytosterol content

w8 G BE B A5 8 B
AF 18] /h B § B
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Table 6 Experimental design and results for response surface analysis

K A 2 c #(Y,)/ w5 S B (Y,)/ BE 5% B (Y,)/ B (Y,
mg-kg™! mg- (100 g) mg- (100 g) mg- (100 g)
1 0 1 1 35.22 234.67 731.46 966.51
2 0 0 0 24.94 231.84 829.94 1061.78
3 1 0 48.50 226.93 753.56 980.51
4 1 -1 0 62.42 230.86 804.37 1 035.22
5 -1 1 0 21.64 231.52 782.92 1014.44
6 -1 0 -1 50.72 224.16 828.20 1052.35
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8 1 -1 18.94 233.25 783.20 1016.46
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17 0 0 23.98 226.20 844.57 1 070.77
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Table 7 Analysis of variance of regression model
FE - BWE - T e ¥ F1& P1a .
KB (Y YY) (Y\/YyYy) (Y\/YYY,) (Y/YJYy) (Y /YY) A
B 9/9/9  7733.55/14 928.25/15 032.47 859.28/1 658.69/1 670.27 14.78/18.66/18.44 0.0009/0.0004/0.0004  **/#*j+*
A /171 398.75/20.10/22.85 398.75/20.10/22.85 6.86/0.23/0.25  0.0345/0.6489/0.6309  */ /*
B 17111 3352.17/883.68/905.17 3352.17/883.68/905.17  57.65/9.94/9.99  0.0001/0.0161/0.0159  **/*/*
C /11 889.58/665.99/608.94 889.58/665.99/608.94  15.30/7.49/6.72  0.0058/0.0290/0.0358  */*/*
AB 1/1/1 969.08/621.26/593.65 969.08/621.26/593.65  16.67/6.99/6.55  0.0047/0.0332/0.0376  */*/*
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A? /111 1028.03/113.76/304.86 1 028.03/113.76/304.86  17.68/1.28/3.37  0.0040/0.2952/0.1092  */ /
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Migration of Phytosterols during Dewaxing of Corn Oil
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Abstract Corn oil is one of the most phytosterol rich vegetable oils. Containing a certain amount of wax, which affects

the sensory and transparency of edible corn oil. In this study, the wax ester of bleached corn oil was removed by dry

method, the influence of dewaxing process on wax content, phytosterol content and mobility were also investigated. And

on the basis of single factor test, the preparation process of dewaxed corn oil was optimized by response surface analysis.
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The response surface methodology results showed that optimal solution was as follow: 62 h crystallization time, 3.5 C
crystallization temperature, 1.4 C/min cooling rate. Under these conditions, the content of wax, ester sterol and total
sterol in corn oil were 34.75 mg/kg, 842.52 mg/100 g and 1 110.61 mg/100 g, respectively. It provides a theoretical refer-
ence for producing edible corn oil rich in phytosterols in the dewaxing process.

Keywords corn oil; dry dewaxing; phytosterol; response surface



