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Optimization of ultrasound - assisted hydration degumming of
fragrant rapeseed oil
CHEN Qiubing', XIONG Shuangli'*, LI Anlin', HE Jianqiong’

(1. College of Life Science and Engineering, Southwest University of Science and Technology,
Mianyang 621010, Sichuan, China; 2. Sichuan Yukang Agricultural Science and
Technology Limited Company, Deyang 618500, Sichuan,China)

Abstract : The effects of ultrasonic time, ultrasonic temperature, 50% citric acid dosage and water dosage
on ultrasound - assisted hydration degumming of fragrant rapeseed oil were investigated. On the basis of
single factor experiment, the ultrasound — assisted hydration degumming conditions of fragrant rapeseed
oil were optimized by response surface methodology. The results showed that the optimal ultrasound —
assisted hydration degumming conditions were determined as follows : ultrasonic time 15.5 min, ultrasonic
temperature 45 °C ,50% citric acid dosage 4% (based on the mass of oil) , water dosage 4% (based on
the mass of oil). Under these conditions, the phospholipid content of degummed oil was 4.06 mg/100 g
with the dephosphorization rate 92.11% , and the total phenols content was 42. 08 mg/100 g. Under the
traditional degumming process conditions of water dosage 3% ( based on the mass of oil), degumming
temperature 55 °C , stirring time 20 min and precipitation time 24 h, the phospholipid content of
degummed oil was 39. 48 mg/100 g with the dephosphorization rate 23. 31% , and the total phenols
content was 62. 17 mg/100 g. GC — MS analysis showed that 27 volatile flavor compounds were identified
in fragrant rapeseed oil obtained with ultrasound — assisted hydration degumming, and the main flavor

components were degraded glucosinolate products.

Key words :fragrant rapeseed oil ; ultrasound; hydration degumming; volatile flavor compound

%5 B 89 :2020 - 04 - 27 ;&[5 H #3:2020 - 09 - 21

fEE B WRBIK (1995) 4 et gy o eman P AR RGBSR Y, AT AR I A 22 R
% ( E-mail ) 780819837@ qq. com. E 28 RS, bR T A MU A K AR r 75 2L

B 15 1B BRI , #5082 (E-mail ) 372364129@ qq. com,, AIRERAN , IE BAPURERS TR sh Bkt e B8 AL ALCo i



6 CHINA OILS AND FATS

2021 Vol. 46 No. 2

PG L R TINRE T . BeAh, Sk P g
XA B A U S E T (BB P e R 25,
IE 150 °CJ5 2 B W74 , 5% W0 AT b R
W, 75 BN SR A T I A Ak B R AT s % o LA
Tt 2 — 2= T, DATHT il 2 SRR il A i I 3 B ot
R EUTIES o FRT, W AT I O A Ak Ak
JIRIE R M I T Ot e 45 , JH w7 A O e R R
IS A i) e R R e v P 2% B SR K M RE AN A E R
FEIK A J5 5 A SR 7K A T B, A0 52 5 1 24 Jo 0 K i
ik BRI B R ARG, R4 T B BE U
D SERFIM U)o Y 45 FE , B 47 M OR B S RF it AR
P JEL 11 K o

75 U R — 0 AT DATE AR AR AR A 4
HEAG R J7 ) SR FE 5 A RE Ik i P 5, HL B
TE A AT LSS A Jo AT 2, HLAE AR TP AL 3G Bif
Pig Z AR 2= — e S E R, BRTE 912
IS P R A 0 0 g R SR R
D& ERRE A% AR IR B, B i AL B R] , PR Y
A HLEFNEFEFI AR BRI AT, RA SRS .
i s 2 (i A0 o B8 75 ™ A i FARK
N AIUSAE A2 A 3500 AT LA S0 41 i B sk il
AR R IBGRIE A AT N 5 B AR SR B 4 72 431
G AP ORI R, K2 ETF SRR
T, A0 L AR G AR O T B8 A I Bh AR B RE % 1]
PR B bR 2 Y SRR T o AR SO A I el B e
AR ALIBE T 4 - T I 5, X0 8 7 B
(i) B P RLE (S0 % Fr A RR VS Nt LA KK st 7 7 B
PR 2200, 2% 75 B KTV 7 ST 6 b B8 S 285 SR 1)
S 30 A8 M 7 T K 0 X R 7 B Al B VR A SRR K
TR T2 A7 Ak, IF R GC — MS X 48 & 1R AL
TR A T R
1 #R5hHE
1.1 X4

WS, IR BE G & 22 51. 48 mg/100 g,
LHE AW MBI AL EE SR IR
PRI IR — AU LR nT s MR TE R R R N
IR VRBLRR ERER  FNEE . Lk KSR L =
F e H I TE 6 AR AR, 2428 3 A 4t A A AN
FRUEFS U (0. 6 mol/L) B A B2 AR HE VS W (2. 0
mol/L) , W F LI BT 4 T A4 AL R e A FRA 7

Saturn2100 < AH €8, 1% 51 3% B AL (GC - MS) |
RHCX - 350 #8875 J% 15 BE L, UVS800PC 48 41 a] Iy
4y 66EET, SF - FDL - 550 & AR K24 & 5.0
BL,SF - TDL - 4A {IK# [ 21 5.0 4L, HH - S %
AR, miRAA S IR B RO

1.2 X7k
1201 75 I Al B A SRR K A e

FREL 100 g #eF 34T Bl T 250 mL FapRH, 7K
NI E—E R A — 2 A R B 1 50% #r
BRI L B FOK  TEB A T2 300 W, — & (19
IR E T R P A P — i R B 45 RS F 5 000
r/min 5.0 10 min, B JZIMAERRI
1.2.2  fL5KIbm

FREL 100 g ¥ Fr 247 BT 250 mL Bedfrr, &
FRE SRR N 55 °C, I A R 14 3%
KRBT , 36 20 min J50VE 24 h, B )2
THAERFIN
1.2.3 @R & R (A A I S A

Z: I8 GB/T 5537—2008 (4H 1 b a3 ) HEATHERR
TR EIE ; 2 GB 5009. 229—2016 #E17ER {H il
328 GB 5009. 227—2016 #E1 75t A AL A E .
1.2.4 Bl m e

S RN E SRR SCHR(8 ] FRER 1.25 g yil
FEF 10 mL #RLEL0A L, A 1.5 mL 1F & kel
1.5 mL 80% FBEVA I, HEIRIR A 5 min 5, F 4 000
r/min B0 15 min, JZEC 1 mL F 23280 T 10 mL
e, A S mL L BF 7K 0. 5 mL 48 AR ¥
T, SO 3 min J5 A 2 mL 9 FIUR BR A0V TR, 7S50
RGBS, OGS 30 min, DL AR R 28 6
HE,765 nm TN E WG . FRAR B bm ofE ih 26115508

By

1.2.5 38R XK i o3 iy

002 [ AR GZE I B S g YA B T 25 mlL TS
HEREIR T, 3R DU 3 & 0 B 2 88 4 T s HE AR
BT 80 CHER /K I, AT 20 min 5, # i
Pt A A 216 A 87 19 SPME ZE Ik (T 250 “C il 1k
30 min) , #i 25 4E 3k, F 80 °C /K I H T 25 W it 40
min, A EILF4E 3 T 250 °C ## % 4 min, gE GC — MS
o3HT

SRS S50 SLB — SMS BN (k41 s THl
T o 95 40 °C, L) 4 °C/min f) 3k 2 THE 3
180 °C ,#%J5 LA 10 °C/min By R T E 5 220°C .,

i 25 A BT, B IR B2 200 °C, H FRE &
70 eV, Jit & 45 1 38 (m/z) 30 ~ 500, 5 $iff
1666 w's, 1b& W& i1 5 HLK &K 7] i 5 NIST
library 3% FEAHDERC .
1.2.6  Hfiiab3

K JH SPSS Statistics 17. 0 X 5038 747 8 2 1k 4
1, 31 F Design Expert V8.0. 6. 1 B3 i 1 T 36
B T 5 31T o



Rl 7

2021 4 55 46 15 55 2 1] T
2 HBRESH

2.1 FHEFTRE

2011 PR IS (AR A SR K AR I 4 5

TEMVK AR 2% (LAh BT, R \50% iR
A 3% (LAm Bt R ) AR 45°CHY

ZEAER R A I ) 2351 0 5,10 15 20 min A1 25
min , o e A SR B T A B0 AR B, o I A
AR 5 i RAEL Lok ST (RS B 5 A, 25
LUE. 3 W0

F 1 BEBEIXRE ST 0K 4 AR A A 2 0
- R 75 U B KA B
H festk feliie 5 min 10 min 15 min 20 min 25 min
BERE &/ (mg/100 ¢)  39.48 £2.11°  34.04 £0.06" 23.05£0.65° 12.15+0.18" 13.01 £0.04*  20.59 £0.11°
% {E (KOH) / (mg/g) 1.88+0.11°  2.01£0.19"°  1.91£0.18"  1.84+0.06" 1.50+0.17" 1.65 £0.39"
S EAE/ (mmol/kg)  1.07 £0.11*  1.45+0.14*  1.34+0.13*  1.12+0.04*  1.49 +0.12° 1.60 =0.28"
BB SR/ (mg/100 g)  62.17 £1.82"  66.73 £0.06" 58.22 +2.14™ 51.35+2.71° 42.57+1.73'  67.51 +1.00"

T AT AR NG PR FOR 25 3%, P <0.05. R

FH % 1 a] 0 7 TR X R A SRR T s o o
AWEZW(P<0.05), AN ELES ~15 min
BF, MO 7ol e Mg 5k i e 7 o ) ) A2 K 3 T ik
/N TR R T I AR LSO, 2 ARk
JOL A T P R O (A TR ) B 4 b 55 3 g v 1 ol
NRArF456 AR AR KA BERR 5 28 S SR K M wER , 72
S HLWE K I K | R SR S B o R B R . R B[R] R
20 ~25 min B, Bl 8 75 B[] 08 2E 4, IO A Yk A
WEIR & R LT X AR th TR A
R[] P4 A2, Jii1 I PP G ) 2R A 1 e AT 75 8 o
B AN I Rk X LA e A JR) BT 4R 11 77 0 Fn ek
T BHL T, S B0 A Sk I rh i iR XE LUAE 5 S DT TE
FIBLCAE TR 2088 k™, P b PR AR B 35 IR
WA A BT R BEAE & i (P <0.05) , 5f&450K
RIS T 25 A B, 8 7 A BB IS AR B 3 (P <
0.05),

HH % 1 A] 0, R P R ) X i e S AT 1) R (A
AR E A W5 (P >0.05) , P 1.2
AR MR EMS A LELRE R EER

(P>0.05), 7 HFE]2 20 min BRSO IR
{ELIRA , BB 7S ) 2 15 min B 38 S AR (B A o

HIZR 1 A] R P ) Xof 9 A5 SRR T S B 5 o
HSEIR S (P <0.05) o Fifi %5 i 7 I [A] Y S8 1< i
I PR S P 5 i S T AR, > A I ) T 20
min [, S5 i SOF AR 3 . X m] BB b1 T AR
oA SATIN AP RIS A TR IN, dL it 2R 1 AR B i 6
Yyl , A I A T 20 min i, 9 SRR A
ZHIBRAR D , By 2 SR G LA bk, SR B
VRIS RPCN T R e )| P W R A S LS SR BN
P AR R T RS D B K ARG 10,15
20 min Jfr A i rre) B B 5
2.1.2 50% Fy IR TN I X v A il K A i 1
iy A

TEMNZK AR 2% GBATESTA] 15 min Al 45 °C
MZEPE T e S0% Fre RIS I 50 1% 2% |
3% A% 5% , o e SEKF B M AEAT LB AL B, XF
WS EA TR o5 R AR i AR (EL R 8 35 i 10
M, AR AR 2 s o

R2 50 %ATIRER TN INE X IR F AT M KL B R 97200

N - R 75 U B K AR B
i H &5 KA % v 2% o s
e &R/ (mg/100 g)  39.48 £2.11"  20.19+0.52" 18.08 +2.57"  9.52+1.56° 13.44 +0.38™ 17.85+0.28"
R (KOH) / (mg/g) 1.88+0.11°  1.52£0.26" 1.84£0.06"° 1.37£0.05°  1.56 +0.29° 1.66 £0.35"
71484618/ ( mmol/kg) 1.07 £0.11*  1.37 £0.10"  1.21 £0.18"  1.12£0.02°  1.10 +0.05" 1.07 =0. 08"
MEEE/(mg/100 g)  62.17 +1.82"  52.61 £0.26™ 49.86 +2.37" 52.04 £0.98™ 56.24 +0.47"  46.52 +0.25"

{17 2 A1, 50% FBERR IR IR X e Tl
WO O BRI (P <0.05) o % S0% F AR AV
R 19% ~ 3% i, BB B B 25 7254
ELREASERE I SO% SIS I ot , LI o s
HESUFAATE AT T 5, 50% H R BRIy 3% i I
BB P TG 3T R DA B S0%

BIRASINE RIS 2 (1% ~3% ), (il P E 2 )
ARAAHE NG A 0 KA HE s DA i 5 5% 25 , b g ok />
TS RS 0 R, FRARZE IS N S0% AR BRI
JESCRA L, o 50% FP AR IS N2 X3t FSE 1 R (L A
AL EBA WE W (P >0.05) o ARGk ALK
Ak 3 P A 3 KT e Ak G M il Y R KL i



8

CHINA OILS AND FATS

2021 Vol. 46 No. 2

FALEWEA BE 2R (P >0.05) . SE5KMM
JREAH L, 7 A A R AU T A B SRR T A T
(P <0.05) 2 50% FrBE BRI i 4% I, % i
JR 3T R B A R BN o
2.1.3 oK X A SR K AR 1) 5 e

FE 50% FEEERR VR N 3% B I E] 15 min
PR BE 45 CHIZMETR TR MK & 7350 R 1% 2% |
3% A% F1 5% ,%F Ve A A B i AT e Ak 2, XoF

IS4
o

J B T RARA 5 R ML 3 SR (B RS  35  1Y
W2 AR AN 3 s o B3R 3 ml 1, B G oK 14
S B ik R AR I R R A s A A
SR AR HHEA L E (P >0.05) o AJRERN
LK ENT 3% B, ok A R, B8 KA 58
G BEF AR BN ChnoK &2 3% 1) |, B 7€ 50
M AKBESR , AT B0 KB (RS K R T 3%
Tk 5 A EELA B 2 B IR

R3 ok EXIRE I KRR AR50

==y M s
5 A AR LA LR
1% 2% 3% 4% 5%
g &/ (mg/100 g)  39.48 +2.11*  10.96 +0.52" 10.11 £0.00° 5.61+2.14"  7.05+1.07" 9.03 +1.03"
i {t (KOH)/(mg/g) 1.88£0.11*  1.40+0.22" 1.53+0.11™ 1.84+0.57" 1.31+0.85° 1.44 £0.02"
4 AL {E/ (mmol/kg) 1.07 £0.11"  1.71£0.12*  1.61+0.01" 1.12+0.18" 1.57£0.11" 1.35+0.01™
M ER/ (mg/100 g)  62.17 £1.82"  57.78 £0.82"  53.34 £2.04™ 50.68 £0.67" 41.09 £0.80"  51.12 +0.73™

FIZE 3 TR i X e ol P (L ) 52 ) A 2%
(P <0.05) , %t AALAE AR A L E (P >0.05)
H1 8 3 AT R, Ik B XA SRR 8 S

WFM(P <0.05) o FfE sk i3, B
S B 5 BT /D, X T BE R P T I BRI )

[l AR 1 A B 2 5T 5 K & KT 4%
I S 5 2 SO IR o

2.1.4 R I R A ST I K AR IO RE 1) 5 i)

FERIK IR 2% 50% ¥y BR VS Bl 3% 8 7 B
] 15 min (4550 F , R 68 75 3 5 40 ) ok 25 .35,
45 .55 CHI 65 °C , X W A AT Bl A7 A b 21, Xof
JR I MRS TREAG & i R o A (R R Y
M5E 255k 4 fiis .

F4 BERBEIREXIFHKLBRERAZN
) . R DY A B K AR
W H L4 AL B
25°C 35C 45C 55C 65°C
g &/ (mg/100 g)  39.48 +2.11*  18.47 £0.99" 12.48 +1.45"  3.03+1.69°  5.61 £2.14° 6.00 +0.65°
{4 (KOH)/(mg/g) 1.88+0.11°  2.09+0.25° 1.90+0.11*  2.19+0.32*°  1.84 +0.56° 1.88 £0.23"
A ARG/ ( mmol/kg) 1.07 £0.11*  0.59+0.18* 1.04+0.78"  0.71+0.17*  1.12+0.18" 0.76 +0. 04"
MBS/ (mg/100 g)  62.17 £1.82°  27.81 +£1.10° 31.45+1.04° 45.85+0.15" 43.91+1.18" 41.16£1.03"
G 4 ] R0, M P R R Xk A S A I AR A M (P <0.05) o B R EEAE 25 ~45CHE

A REFLW (P <0.05)  Fifi 5 68 7 B ) T = B A
P R RGBSR . R LR Ry 45 C B
Wil & B 5K, 45 CIawis & BT E AR A
BE(P>0.05), HAEEEAR( <45C) A
BT, BN 4 1 WK e T2 v o 5 Bk g
WA 7K 43 120 38 2 R R T IEAAR 1 %85 B8, (i G
BT Sy DT o3 85 L0 K 5 SR, ORI BE 3R ) AR 2L A AT
PR, Y I RE AR T v IR A R A o HOME ) B SR i
FURBERT, O 2 R R T B840 0, AR &
E10: ) IR

P2 4 ], R P YR XTI R ik PR (L AR ot AR Ak
HAFZI A2 (P >0.05) o AR EE Ry 55 C B
A SR AR (R AIG , 25 °C B i E A (A A

R 4 AN, R P I B A Sk i P S 1 i

BN, BT BE 1) BT, B s vh S 5 i 52 BT
e, AR 45 CCI B0 & i SGEHTE o
2.2 v R E iR

255 BRI AR, S A IR (A) (50%
R (B) K& (C) AR (D) A
At WA SR G150 (V) A |, R ]
Box — Behnken Design #H & %% 3 o8 47 00 b 1 32 56
M 17 T IR B T S A R WEE S [l AR B Ty 22 3y
W6,

B3 Design Expert V8. 0.6 B {:%f % 5 )L
A% 3 HEAT WE R T U A3 A, AR B A TR Y =
84.18 +3.014 +2.19B +0.63C -0.69D +0.554B +
4.82AC +2.44AD +3.51BC +0.32BD -2.59CD -

21.894% -20.41B* -18.41C* -22.28D°,



Rl 9

2021 4F %5 46 %5 45 2 ] i
x5 MWMEEREIZITRER
v ass A B C D Y
1 0(15min) 0(4%) 0(4%) 0(45C) 62.34
2 0 0 -1(3%) 1(55C) 44.54
3 1(20min) 0 0 1 46.48
4 1 0 1(5%) 0  50.41
5 -1(10min) 0 0 -1(35C) 38.96
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FE B B A AT K AL S E AT &
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RT KREXZFHELZENKYRHASRENESE %
et T T KR A (5K
¥R ARABRSh BB MM KB B
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