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B EAFRARRE % F BB LB KR & (Cellulase-assisted Ethanol Aqueous Extraction Processing, C-
EAEP) #|& & 4Fihay A2 2 i, X3 i% 7+ C-EAEP i, #3125 69 C-EAEP i, F 4R, =B &b A oF
g, AR AASEHTER28d, ECHAANETdNEWAFLZLEIR, REFTESE. BHRA
B ERERAKGRARG TN, 4R EFW: CCEAEP LE R ERATEHF MO LRAEALIE, TEMA, C-
EAEP i% % 28 d 493 AMAAFeBR{AIE IR TR AR E M 5= 8T &wm, BA4 ZFELEREELS, L AL
AL I8y C-EAEP i 0-V A /£ 28 d 544 40 mg/100 g A L, EF & T84 (P<0.05) . s, C-EAEP ik
B aAe g A BR (JeidBR . BARER) RAALTEMR R PIK, Z2WERE T aflEl R L 4R £ 87.24%~88.65%, &
FRAGRAE B R b, BHRARITET, C-EAEP MARK 28d /& CI8:1 494 M 2821% T L E
2847%, IKTFTZA B " feft ok Ed, MmAAILEL C-EAEP @+ C18:1 & 2 F# 5 £ 30.39%~30.86%
(P<0.05) , HIrEE (C22:1) A2 MK, BB TR, KRR o EY, C-EAEP i BRI Z47% 7 A4
B EH L (do 2-THE) 4R, BRLEEREBLRST, REEELE (v 2,5-ZF fhatvk) Ffovkwh £
PR (e 2R A kvh) FE, EEENESE AL 023% F7 5.13%, KT b RIORARGYBEE R A, BT S ot
— 5 B, EEEATH, 2AKLIZ C-EAEP it PA/2 A= P70/2 £ R B 69vh A8 & T R =B E M, A& E
B AL IE C-EAEP 5t PA/2. P70/2 A= T30/1 AR B W vh AL 3, FATHRFGHEL, AilkL. FHL
SFMR, Rek¥Esk, 5L, C-EAEP L7 @ KBEEMA ARG T g R ARSA RS, 1£digey Bfax it

RE, RYRERK, RILBABTHE, £iZLE LM ES C-EAEP iM% KA N TRk f. AFRTH C-
EAEP (At B e LT ARBE RN R AL, HARSSAEATH, KFEHBERRIZOTLLEALAEE
o iENER .
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Effect of Cellulase-assisted Ethanol Aqueous Extraction
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Abstract: In this study, in order to investigate the storage stability of rapeseed oil prepared by cellulase-assisted ethanol
aqueous extraction processing (C-EAEP), the experimental design of C-EAEP oil, heat-treated C-EAEP oil, traditional hot-
pressed oil, and tertiary commercial oil were used as research objects. and stored under accelerated oxidative conditions for
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28 d. Changes in the physicochemical indexes, vitamin E contents, fatty acid compositions, and volatile flavour
compositions of the four groups of samples were measured every 7 d during the storage cycle. The results showed that the
C-EAEP process significantly improved the storage stability of rapeseed oil. During the storage period, the increase in
peroxide value and acid value of C-EAEP oil on day 28 was lower than that of conventional hot-pressed oil and tertiary
commercial oil, and the retention of total vitamin E was higher, among which the a-V content of the unheat-treated C-
EAEP oil maintained more than 40 mg/100 g on day 28, which was significantly higher than that of the control group
(P<0.05). In addition, the rate of oxidative degradation of unsaturated fatty acids (e.g., oleic acid and linolenic acid) was
lower in C-EAEP oil, and the total unsaturated fatty acid content was stable at 87.24%~88.65% after storage, which was
higher than that of traditional hot-pressed oil and tertiary commercial oil. Fatty acid composition analysis showed that the
content of C18:1 in C-EAEP oil changed from 28.21% to 28.47% after 28 days of storage, which was lower than that of
tertiary commercial oils and traditional hot-pressed oils, whereas the content of C18:1 in heat-treated C-EAEP oil was
significantly increased to 30.39%~30.86% (P<0.05) and the content of erucic acid (C22:1) was reduced, with better health
attributes. Flavour analysis showed that the low temperature process inhibited the production of nitriles (2-butenenitrile) in
the thioglycoside degradation products of C-EAEP oil, but the heat treatment activated the enzymatic reaction, which led to
the enrichment of pyrazines (2,5-dimethylpyrazine) and furans (2-pentylfuran), with the contents of 9.23% and 5.13% in the
late stage of storage, respectively, which conferred a stronger baking flavour of the oil. The oil had a stronger roasted
flavour. Electronic nose analysis further showed that in the pre-storage period, the response values of heat-treated C-EAEP
oil to the PA/2 and P70/2 sensors were higher than those of the other three groups of rapeseed oils, and in the late storage
period the response values of heat-treated C-EAEP oil to the PA/2, P70/2 and T30/1 sensors were significantly increased to
produce a richer amount of alcohols, organic amines, aromatic compounds, etc., with enhanced flavour. In conclusion, the
C-EAEP process effectively preserved the natural antioxidant components of the oils and fats through low-temperature
enzymatic hydrolysis to improve storage stability, and the heat treatment could enhance the organoleptic quality by
regulating the formation of flavour substances on this basis. It provides an important theoretical reference for the
commercial development of C-EAEP rapeseed oil, and has an important role in promoting the development of high-quality

rapeseed oil and the industrial application of green oil extraction process.
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1.2 ZWHE
1.2.1 bRkl
1.2.1.1 ARGEHIEMmHsE AR atg el 5 oy
725, FREL 500 g JHERAT, BCAKESE ThpLs 5 (ks 7EL
BE 130 °C, BB E] 40 min), ~7 BRI ABSIALERE,
VR AT R, WP R s S 1 vE, A5 3 A
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WTEEAR b, AR FNIK, 50 °C TE iR 135
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A BRI . PR 50 g BRI TRt b, 1mihks
I AR, 30 °C TEIEINFARE S, B VR HE T
IR FARE I BEPEAS IR & 50 °C 4REE AR 20 min,
JZ 45 R S 8000 r/min 250> 20 min W 23 ull
152NN, PSR AL SR IR S
1.2.1.2 C-EAEP ZFrili il AR EHEEN iy
J5ids, FREX 500 g WHISEFFBI R, TERHE L 1:6(w/v) |
PEHUERE 50 °C. 28 pH4.8. B0 35%(v/v) 2 1E
IKVE W 1.5% £F 45 F il 18 )2 o 4540 T TR K %
2 ho ¥ pH P = 9.0, IREHEE ZE 75°C, [HIR/KE
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PRI, X ZLARAE VR ZLIS FRscsE 2T, R
VO TIFFRE . T C-EAEP /KIZSKF BB IS FI
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Table 1 Regression equations, determination coefficients,
and linear ranges for various vitamin E compounds

27 GB/T 5009.229-2016 il

22 GB/T 5532-2008 M 5E 3%

23 GB/T 5534-2008 |52

waEYy KT PUERKU(RY) BN (mg/mL)
a-Vg  Y=10198.21X-679.33 0.9992 0.25~10
Ve Y=9769.39X+456.56 0.9994 0.25~10
0-Vi  Y=10893.42X-239.67 0.9991 0.25~10

1.2.5 NeWimR4H all g 38 Jx BT IBE 4SO e Sk
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1R s, MoKV G B e, B 2=l Re
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Fig.1 Physicochemical properties of cellulose-assisted ethanol
water extraction of rapeseed oil during storage
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Fig.2 Changes of vitamin E content of cellulose-assisted
ethanol water extraction of rapeseed oil during storage
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Table 2  Fatty acid composition of rapeseed oil during storage by different processes (%)

i5iligiveEiNns IR A (d) RGN Y b C-EAEP C-EAEP(#4b#f)

0 0.05+0.01° 0.05+0.01* 0.06+0.01* 0.05+0.00"

7 0.05+0.00* 0.04+0.00* 0.06+0.00* 0.05+0.01*

C14:0 14 0.05+0.00* 0.04+0.00* 0.06+0.01* 0.05+0.01*
21 0.04+0.00" 0.05+0.01* 0.06+£0.01* 0.05+0.00*

28 0.05+0.01° 0.050.00° 0.05+0.01° 0.050.00°

0 3.07+0.03° 4.50+0.01* 3.15+0.04° 3.14+0.04°

7 2.98+0.04¢ 4.7610.04* 3.26+0.02" 3.30+0.02"

Cl16:0 14 3.11£0.06¢ 4.68+0.05" 3.28+0.00° 3.24+0.08°
21 3.07+0.04¢ 4.61+0.04° 3.42+0.04° 3.45+0.07°

28 3.27+0.04°¢ 4.38+0.02° 3.24+0.00¢ 3.48+0.08"

0 1.32+0.04° 1.26+0.08¢ 1.42+0.03° 1.53+0.03*

7 1.35+0.04° 1.3240.05° 1.61+£0.05° 1.60+0.04*

Cl18:0 14 1.30+0.02¢ 1.46+0.06° 1.55+0.06° 1.62+0.06"
21 1.41£0.01° 1.26+0.08¢ 1.35+0.02° 1.55+0.02*

28 1.43+0.02° 1.35+0.05¢ 1.63+0.02° 1.71£0.10*

0 33.42+0.24° 38.24+0.19° 28.21+0.24¢ 30.39+0.35°

7 33.29+0.19° 37.95+0.11° 29.02+0.28¢ 30.86+0.36°

C18:1 14 32.98+0.14° 38.15+0.12° 29.21+0.20¢ 30.7440.29°
21 33.08+0.16° 38.22+0.17° 28.75+0.24¢ 30.69+0.33°

28 32.73+0.17° 38.73+0.19° 28.47+0.27¢ 30.52+0.26°

0 12.24+0.10¢ 12.88+0.08° 13.05+0.14° 12.56+0.15°

7 13.01£0.09* 12.59+0.06° 12.58+0.09° 12.90+0.11°

Cl18:2 14 13.42+0.04° 13.1140.04° 12.96+0.12° 13.1240.09"
21 13.29+0.05" 12.46+0.04¢ 13.31£0.17° 12.84+0.20°

28 12.94+0.11° 12.36+0.06¢ 13.06+0.05° 12.91+0.18°

0 8.73+0.06° 8.89:+0.13° 8.69+0.21¢ 9.06+0.23"

7 8.16+0.04¢ 8.77+0.08" 8.65+0.17° 8.96+0.17°

Cl18:3 14 8.32:+0.03¢ 8.43+0.05° 8.83+0.08" 8.48+0.15"
21 8.28+0.04¢ 8.81+0.06" 8.51+0.20° 8.76+0.18°

28 8.41+0.04° 8.64+0.13° 8.62+0.16" 8.84+0.20°

0 0.59+0.02° 0.69+0.03* 0.67+0.00° 0.67+0.01°

7 0.63+0.02° 0.71£0.01° 0.72+0.01* 0.62+0.04°

C20:0 14 0.72+0.01° 0.80+0.01* 0.59+0.01¢ 0.75+0.02"
21 0.70+0.00¢ 0.72+0.02° 0.77+0.02* 0.75+0.05°

28 0.68+0.02° 0.81+0.03* 0.81+0.02° 0.72+0.04°

0 13.19+0.29° 11.99+0.23¢ 13.58+0.06° 13.63+0.02°

7 13.22+0.24° 12.13+0.16% 14.28+0.05° 14.08+0.01°

C20:1 14 13.18+0.22° 12.18+0.14¢ 14.07+0.08° 13.91+0.05"
21 13.27+0.19° 11.85+0.17¢ 13.65+0.09° 13.63+0.02°

28 13.01+0.13¢ 12.49+0.10¢ 13.75+0.11° 14.01+0.06°

0 0.33£0.01° 0.23+0.01° 0.07+0.02° 0.060.00°

7 0.360.00" 0.29+0.00° 0.06+0.01¢ 0.07+0.01°

C20:2 14 0.29+0.01° 0.31+0.01* 0.06+0.00° 0.05+0.01°
21 0.30+0.01° 0.41+0.02* 0.06+0.00° 0.06+0.01°

28 0.41+0.02° 0.27+0.01° 0.06+0.01° 0.060.00°

0 0.32+0.01¢ 0.39+0.00° 0.34+0.00° 0.44+0.01*

7 0.28+0.01° 0.41+0.01° 0.26+0.01¢ 0.52+0.00*

C22:0 14 0.42+0.02° 0.44+0.01° 0.23+0.02¢ 0.560.04*
21 0.40+0.00° 0.510.00° 0.29+0.02¢ 0.47+0.04°

28 0.32+0.01° 0.33+0.01° 0.32+0.03° 0.39+0.02°
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k2
NE 0T R L 1, IR A (d) FEGAE TN =Y C-EAEP C-EAEP(bH)
0 19.47+0.04° 15.09+0.03¢ 24.29+0.22° 21.83+0.01°
7 19.52+0.10° 16.31x0.07¢ 23.74+0.22° 20.19+0.01°
C22:1 14 20.02+0.13¢ 15.680.09° 23.99+0.25 20.34+0.02°
21 19.62+0.13¢ 15.35+0.10° 23.68+0.22° 21.04+0.01°
28 19.39+0.09° 15.22+0.04¢ 23.72+0.24° 21.09+0.01°
0 0.21£0.01° 0.18+0.01° 0.02+0.00° 0.01+0.00°
7 0.24+0.02° 0.12+0.01° 0.01+0.00° 0.01+0.00°
2222 14 0.15+0.02* 0.14+0.01* 0.01+0.00° 0.02+0.00°
21 0.09+0.02° 0.14+0.00° 0.04+0.00° 0.02+0.00°
28 0.07+0.00° 0.13+0.00 0.04£0.01° 0.02+0.00°
0 0.69+0.03° 0.72+0.00" 0.74+0.00° 0.72+0.00°
7 0.63+0.02¢ 0.74+0.01° 0.68+0.02° 0.76+0.00*
C24:1 14 0.62+0.02° 0.69+0.01* 0.59+0.01° 0.56+0.00°
21 0.43+0.02° 0.63+0.00" 0.61+0.00° 0.51+0.02°
28 0.51+0.02° 0.63+0.01* 0.64+0.00° 0.39+0.00°
0 87.95+0.23¢ 88.22+0.29" 88.65+0.17" 87.58+0.35¢
7 87.83+0.21° 88.01+0.17° 88.02+0.33" 87.40+0.26°
A FIE R 14 87.48+0.13¢ 88.03+0.18° 88.13+0.21° 87.22+0.21¢
21 87.53+0.22° 87.37+0.27° 87.61+0.14° 87.29+0.19¢
28 87.17+0.18° 87.29+0.19" 87.24+0.28" 87.07+0.32°
0 12.05+0.11° 11.78+0.14° 11.35+0.13¢ 12.42+0.09°
7 12.1740.14° 11.99+0.06° 11.98+0.04° 12.60+0.10°
MR 2 14 12.52+0.08" 11.97+0.11° 11.87+0.06° 12.78+0.13"
21 12.47+0.10° 12.63£0.05° 12.39+0.08¢ 12.7140.04*
28 12.83+0.07° 12.71+0.03¢ 12.76+0.04° 12.93+0.12°

T AE T2 RNG TR 26 57 3% (P<0.05)

TEN G (0 d), C-EAEP T 2RI B3
AR IR & A4t HITIR (C22:1) FEik 24.29%, &
ZE TAEGEPIEIN (19.47%) Il =2 R hh i1 (15.09%)
(P<0.05), ZBHBHAAVEFH /TG SR AR I
125 [RIA, L SN FI R TR L 151) (88.65% ) ey T HAAth

2o MERZTR, G DR R T 20k, ke

iz (C16:0) MR (C18:1) Fr =, 1l BEH Tk AL
PN BRI ZH 45 o MHAZGE R I L S AN IR T
PRARAIR, B AR RS -

TEN A (7~14 d), C-EAEP L 203t —
A i 14 d BTG RRBR (C18:3) & BT 8.83%, i
2 E TAL G E 3 (8.32%) (P<0.05) , H i fiig i
(C18:0) i 2 & T HAh T2 (P<0.05), [ B XTF
AR AR TR LR FAAE R . SR, C-EAEP MR
(C18: 1) F IR LA T =i i AL go g im, vT
e S Z AR MFNB IR SE AL BAT G, — 2R Sl
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AR A A AR

TEN 51 (21~28 d), C-EAEP #WUbFE T 25y
g ML B FAE LS C-EAEP JHY C16:0 &
BFFE 3.48%, MiAALBHLHAN T2 3.24%, BEHHHUE
HEATBEHNE T HRANE TR A ek B 4H . PRk Bt
J5 9 C-EAEP i1, 5 C-EAEP JHARLITER (C22:1) &
RN (P<0.05), AR B A0 i
faREMETTER . HAEIERR(C18:0) & HH 1.53%

FH 2 1.71%, B A FINR D7 iR LL B T B 0.51%
(87.58%~87.07%), F AL H AL T AR ALH A C-
EAEP(1.41%) I T B3 B o A% 40 #4U% i 7 K
I 388, o S AN TR TR B T LE A8 B 0.78%(87.95%~
87.17%), UEPH AL 55 M PLAALRE J1, T A A MRS
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S
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R N (BRI, = AL SR I . DARH =Ry
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Fig.3 Radar spectrum of electronic nose during storage of
cellulose-assisted ethanol water extraction of rapeseed oil
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Fig.4 Electronic nose PCA of cellulose-assisted ethanol water
extraction of rapeseed oil during storage
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Table 3 Relative content of volatile flavor substances of rapeseed oil during storage by different processes (%)

AHX
PRS2 e IR 5 44 Bk TZ
0d 7d 14d 21d 284
fEGEJE I 3275 29.46 26.82 27.26 27.83
B Gl 24.24 25.03 24.94 23.68 23.54
2 T C-EAEPill - - - - -
C-EAEPiHfi (#4b3) 0.14 0.25 0.26 0.09 0.15
RN 2833 27.29 2338 18.23 20.99
S X GHRRR 26.63 24.74 25.93 22.97 23.01
3RS Tinin C-EAEPIll 18.23 17.68 18.04 17.43 18.42
C-EAEPii (FALLFT) 26.42 25.79 26.25 26.75 25.88
TSI 3.35 3.12 3.06 1.73 1.68
g LR 151 1.24 1.18 1.09 115
3 VAR BR R R C-EAEPil 0.62 0.32 0.34 - -
C-EAEPiH (A0 3T ) 3.05 2.67 241 425 5.79
G AR 9.71 11.04 6.79 10.19 7.98
S SR 12.04 10.74 9.60 13.05 8.66
C-EAEPili 8.19 8.24 7.86 8.37 7.06
C-EAEPiHi (#4b31) 5.74 5.70 6.13 6.39 3.62
TRGAATE T 2.04 1.93 4.07 0.54 1.43
- =Y R 0.72 1.12 1.08 3.65 3.74
C-EAEPiH 0.26 0.35 - - -
C-EAEPiHi (#4b3) 1.12 1.08 1.35 1.46 0.91
L Ge i 1.21 234 0.95 - -
2 =R 1.08 0.43 0.75 1.58 1.48
C-EAEPili - - - 0.13 0.24
C-EAEPjIl (34b3) 0.43 0.64 0.26 0.43 0.31
FEGHEIN - - 1.46 3.69 2.95
. B G - - - - -
LN C-EAEPlf - - - - -
C-EAEPiH (b3 - - - - -
L AR - - - - -
S /TR - - - - -
C-EAEPili 0.04 0.05 0.12 0.06 0.10
C-EAEPiHli (#4b ) 0.10 0.12 0.05 0.14 0.22
G 2.07 0.52 2.52 3.19 4.08
T = TN ] 0.03 0.08 0.15 0.38 0.43
C-EAEPili 3.19 2.79 2.59 3.15 2.67
C-EAEPilli (#4b3) - 0.45 0.76 0.84 0.39
SR 74.04 72.06 63.99 63.11 65.26
B B GERli 64.71 62.06 63.02 64.93 60.86
C-EAEPilfi 30.41 29.11 28.61 29.14 28.49
C-EAEPiH (AL 7T ) 33.71 34.07 35.06 36.10 35.48
TG AR 10.25 8.89 9.53 8.46 9.24
- SR 11.86 11.62 10.69 9.31 10.42
C-EAEPili 8.46 9.02 8.55 8.43 8.24
C-EAEPiH (FALb 7 ) 10.62 9.66 9.70 10.30 10.23
TRGAATE T 0.62 0.75 1.02 - -
B =Y R 0.31 0.53 0.82 0.13 0.42
C-EAEPiHi - - 0.21 0.24 0.18
C-EAEPiHi (#4b3) 0.73 0.81 1.12 1.46 2.82
L 4Ge it 0.39 1.05 0.32 0.74 1.20
s =g - - - - -
R C-EAEPi - - - - -

C-EAEPII (#4b3) 0.87 0.46 0.75 0.52 0.45




370 B Tk B 2026 4 2 H
g3
AT
P 52 1 IR ) I8 44 R T
0d 7d 14d 21d 28d
FEGIAE I 0.18 3.14 2.03 0.28 0.10
.- =R 222 1.21 1.54 0.68 0.14
C-EAEPilli 3.28 2.97 2.29 235 3.28
C-EAEPiHi (#4b51) - 0.39 0.26 0.17 0.29
TG AATE T 0.36 0.14 0.10 - -
. SR 1.03 0.42 0.17 - -
S .
C-EAEPi - - - - -
C-EAEPiHi (#4b3) - - - - -
TRGAATE T 0.48 0.21 0.73 0.06 0.84
2 I Eﬁiﬁ:’i;ﬁ',‘fﬂa 1.07 0.24 0.76 1.31 1.47
C-EAEPiHl - - - - 0.08
C-EAEPiH (F14b 3 - - - - -
G - - - 6.21 5.47
3T *gﬁln‘lntﬁ(ﬂi - - — - -
C-EAEPilfi 28.21 29.04 28.64 27.98 28.34
C-EAEPjIl (34k3) 26.13 25.98 26.20 25.52 25.08
FEGIE N 0.64 0.04 0.29 - 0.11
o ?ﬁﬁiﬁ:\?ﬂ% 0.24 0.87 1.26 2.06 1.64
C-EAEP;fi - - - - -
C-EAEPjIl (Fu4bF) 0.08 0.24 0.12 0.05 0.35
s AR 0.17 0.15 031 0.59 0.62
2T E%&F‘ETS:\?H 0.12 2.39 1.82 2.04 2.47
C-EAEPilli - - - - -
C-EAEPjIl (#i4hF) 0.39 0.53 0.48 1.02 0.29
G 12.11 10.69 12.23 19.34 20.26
—— zébiﬁﬁ.:ﬁ':\fm 13.88 16.86 16.89 17.68 18.56
C-EAEPilli 4121 41.03 39.69 39.01 40.04
C-EAEPii (FALL 7T ) 38.22 37.37 37.73 37.70 36.69
SR 0.49 0.25 0.83 0.56 1.13
. Ez&ﬁﬁuﬁ%\fﬂa 0.84 0.82 0.76 1.93 1.26
C-EAEPilli 0.56 0.35 0.28 0.46 0.42
C-EAEPiHi (#4440 31) 0.82 1.32 0.90 0.76 0.62
G AR - - - 1.12 227
G = G Eﬁﬁ:’iah‘fﬂa 0.05 3.25 2.90 2.41 2.75
C-EAEPiHfi 1.24 1.20 1.43 0.94 1.22
C-EAEPiHi (#4b31) 3.25 3.84 2.97 3.42 4.02
TG AATE T 0.49 0.25 0.83 1.68 3.40
——_— Eﬁﬁ:’i;ﬁ',‘fﬂa 0.89 4.07 3.70 434 401
C-EAEPiHl 1.80 1.55 1.71 1.40 1.64
C-EAEPiHi (#4b3) 4,07 5.16 3.87 4.18 4.64
TEGAATE T - - - - -
g =R 3.46 3.69 3.04 2.93 2.75
C-EAEPiHl 2.19 1.86 2.06 1.48 1.56
C-EAEPjIl (3u4b3) 3.02 2.84 2.94 3.35 3.70
FEGHE N 2.04 223 1.98 2.15 1.90
25 =T nﬁ':\fm - - - - -
C-EAEPili 0.17 0.56 0.11 0.25 0.37
C-EAEPjIl (3iu4hF) 222 1.94 2.03 1.79 1.85
5 AR 2.04 223 1.98 2.15 1.90
o ?éﬂfﬁiﬁz\% 3.46 3.69 3.04 2.93 2.75
C-EAEPili 236 242 2.17 1.83 1.93
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