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Study on ultrasonic-assisted aqueous enzymatic extraction process of peanut oil and

analysis of oil quality

DONG Yifan, JIA Saiyang, YANG Ming, CHEN Fusheng, DUAN Xiaojie* , BU Guanhao " ,
YANG Chenxian, ZHU Tingwei
College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China

Abstract; To improve the extraction efficiency and utilization of peanut oil, the ultrasonic-assisted aqueous
enzymatic method was used to extract peanut oil. The effects of ultrasonic power, treatment time, tempera-
ture, solid-liquid ratio, and enzyme dosage on the extraction rate of peanut oil were studied. The extraction
conditions were then optimized by response surface methodology. The fatty acid composition, acid value,
peroxide value and antioxidant capacity of peanut oil were finally analyzed. The optimal conditions for pea-
nut oil extraction were as follows; material to liquid ratio of 1:5 g/mL, cellulase dosage of 1. 0%, ultra-
sonic power of 247 W, 41 min and 51 ‘C. Under these conditions, the oil extraction rate reached

92.64% +0. 73%. A total of 8 fatty acids were detected in peanut oil, among which oleic acid exhibited the
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highest concentration at 40. 44% +0. 57% followed by linoleic acid 36.97% +0.05%. The acid value and
peroxide value were determined to be (0.38+0.04) mg/g and (0.15+£0.00) g/100 g, respectively. Ad-
ditionally, the DPPH and ABTS free radical scavenging rates were 64. 82% +2. 51% and 82.56%+6.47% ,

respectively. Ultrasonic-assisted aqueous enzymatic method effectively shortened the processing time and

reduced the dosage of enzyme. The obtained peanut oil contained high content of unsaturated fatty acids and

showed excellent antioxidant capacity.
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AE A R TR 0O R R E W) 2 — | B oA T
R e ERFE SRS, AT MRS
IR B 45% ~55% , A6 A0 S A R I R A
TR , ANV i B R 7 s B 80% 1, Hirh R
HLFINE 107 R & 1 5 50% ., 7K B vk 48 0SS 1 U
A, T2 07 5, B8 6% [W) BsF 412 B3 ek v 1 3ol g D 2R
F R —Fh g 4R AR

FHF K B 42 0 0 Bl 2 A0S A7 4 R LR
2T 24 3R il 25 20 R I fige T R 1 R AT RE B8
SRAEA: A RE LA K 2 bl IS R 4505 Wang
A5 P AR R BOAE AR T B A IR 8 b, i il
B 5% RBUR N 92. 2% X a2 A8 K il
AR B 2B b A 1 I 5T v A 48 4 2Rl AR i
fiti 1) & 45 il 2, N R 0. 3% , B R IR IA] 4 h, 32 B
K 95. 4%, Liu 55008 IS4 R4 K Sk it 42 B
AELE NG B 1. 35% , i @ B A) 90 min, Jih A
13288 48.44% . FK VL AT LLA R0CHh 3 HOAE A
JE , {F 2 AL T I 2 R0 A B BB IR ] 4
SRR AT XA A A e R A Y R Bk
LY A A B T B R T K R B T P
H s s A E = £ 50 ) Bk k3l Ik
I3 opli i OB B E R A B R s A T
VA T AL B R 8 T B A0, 1 5 1 RORI% o
RO R R PR O JF B OR P IR th o
W E OB Ay, PRE IR R B R EN Y B
ZE LT SR PR P I T A B K S B AR A G
1 22 B I T 25 25 8 R 8 75 Bsf ] 20 min | 48 75 L
45 °C T fif i BE 56 °C A 5[] 3.8 h | Alcalase
2.4 L B MEE (BN 1. 7% RERLE 14 AR
pH 9.3, Shah %" fifi FH 7 4l Bh K I 25 $2 OB
SRR KF 3, 75 AL B S min, $RBUR Ny 74% 8 75
P TAL FRS B i BRI 18 h 4E A E 6 h, A4l
S5 VTR R R P Bl K S B UK S 7R o
2.0% BRI 15 min MR 4 b R,
K TR R IA B 86. 13% , 5 7K il 12 AH b 42 &5
T 12.57%.

7 7 A B Kl I A O 2 5 T R

P 5 S () IR R R AR O AR BT B
RE W B A AR 20 IO, M) 73 i 0 4 B, L5 il () B
1 R I 75 30 R o 2 il 1 45 4, B SR S T
P 5 2T Ak 2% R R T AR A () AR R
G50 S5 ALK SR IR k) B AR R H
A 22 A D B4R BT B JH T K I I R BCAE AR b
i, P A () P A P 0T A 2 i R B BB A S )
ATFRTE

DI, S T 5 DA AE A2 D JRORE, SR T 7 4l B
JK T AR IBOCAE A i LA i £ RO O 25 54 4R A
PUALSEHCT 2, I 0 B 46 22 1k I A9 I s 15 26 A
R i S AR AT S AL RE T, D 46 A i A 2
& R B 1 BB R 3l

1 #HE5 7%

1.1 REH R

A (FE2 6 5 ) AR S Rl ol A FR A A
K Celluclast . iH S (P E) AW H R AR
ONE A H e B = AR S AN A
BE IE O % oK Sl it B ER . Y O T 4
Mrati,
1.2 UF5&E%F

JYL-CO22E #3 # AL . JL BH B 0 A R 2 7 5
JY92-1IN & 75 4fi Jfd B3 #% HL . DC - 2006 I it 15 i
T TR 2 A W B R A7 BR A ) RE-52CS
JEHs 75 KA SHZ - TLAE 35 K X B 25 52 . 1 ifg 0 o
AACAER T s TDL-5-A B0 AL b2 = R AL
#8T7,7890B S AR . FE[H Agilent A ],
1.3 REH*
1.3.1 BB KB ERREABIFEH T L

W B8 25 20 A Y A6 A A e R — 8 R TR L
YRR I LT 4L 2, #E — 2 8 75 D % VR R
FEF Ab 3 — % W), RS LA 5 000 r/min # 0
15 min, /5 B FLI K FH A A W05 2 2L, K
JKORH 1 A B BT IR A, #E 30 min J5 LA 5 000
r/min B0 15 min, BUHE FEAR,FEE 1 R



FA5SEF2H

F LM, AR B B K B kBRI R B L L AT 50 B IR e R AT 13

FLR A I S BIFL
130 0 b FLV P I A 2 B K
A 1. 5% B BPE B RIS 7E 50 °C F R 2 h, 2R )5
PL'5 000 r/min .0 20 min, 75 275 i1,
1.3.2 b Ag4R I F a3t 5
3 56 2% R Al i R0 G0 R Y O ik e
AEAE R ZLIR R B & i, 7E 1.3 1 A3 EI
FLB A 3 R ARFLLL B A S - R (R
D)W, W IRBEEE 3 h, L5 000 t/min & 0>
20 min, WARWAH . FEAH AR DA 3 5B A S 05 -
Ff R a4k 3 h, L 5 000 r/min &0 20 min,
WA A, R 3 K8 3 AR B B AR A T e
E I e I = N I R O T e O B o
P FL R R o5 L 2R T IR $RE BOR |
m, Xy,
Y = x 100% ,
my X ¥,
Kby MR RECR  m, MFLR R, g5y, WHL
AR i 8, % sm, RACA A g5y, A6 AR Wi

EE, %,
1.3.3 ¥R ERX%
1.3.3.1 #7005 BRI

43590 3 BUHE 75 T R Sl 0,175,205 ,240 275,
310 W, 24/ I ] 40 min AE IR JE 50 °C FHE
Fe 1:5 g/mL i 1. 5% (BG4 FETR)
MIZAE T, 25 5008 7 DR XM AR BEBCR I 520
1.3.3.2 A FH B Ja) e 30 i 42 BBUR B9 52

53 30 BCAE B[Rl 0,10, 20, 30, 40,
50 min, 7E#A 7 % 240 W 1E IR E 50 C ORI
Fo1:5 g/mL B & 1. 5% 0 510FF , % 24F FH
(i) Xof it i 41 B3 9 52 0
1.3.3.3 A FH L RE X 9o i 4 B3 A1 5 i

A3 591 3 BUVE FH AR EE R 20,30 .40 .50 .60 °C |, 7E
AR 240 W AE HIEE] 40 min BHELE 1:5
g/mL NG 1. 5% 50T, %5 54 F I BE X
JIg 42 BUR (1 521
1.3.3. 4 RHR LG XTI 4 JBCR 1Y) 52

S BOR L g 1:3.1:4.1:5.1:6.1:7
g/mL 7E# IR 240 W AE FH I} E] 40 min A
HEEE 50 °C B 1. 5% W 5, B 5B L
XoF i i 4 B 4 5 0
1.3.3.5 i 2 % vl 1 45 B3R 1) 52

4390 3% BN B M 0.0.5.1.0.1.5.2.0,
2.5% ,fERE T IR 240 W A HI A [E] 40 min £
JEE 50°C BRI EL 1:5 ¢/mL (I0E R, B 2N i
I A B IR 1 s

1.3.4 Box-Behnken X % 3% it
iz [ Design Expert 11 A4 s ¥ H Box - Be-
hnken 311 W TR 56

1.3.5 64 HHg %R 6 5
1.3.5.1 JBRTER4H B4 Hr

4R GB/T 5009. 168—2016 1 J5 1 4% BT g
U5 R A 1 o 3 o A AR T i R AT TR AR AL B S
KA 54T, Rk 4 0F . HP-88 B4
FEFE (100 mx0.25 mmx0.20 wm) , FID & i #%
WA R AR R, WRE 99.999% , U B E R
1 mL/min, 23 ¥ bE 1:20  #EEAI 4G 170 C , THE =
240 °C , JEFE R 250 °C , A6 I 5% 78 )& 280 °C , ik
i 2 pl,
1.3.5.2 MM Flad AR (E I

Z M GB/T 5009.229—2016 1 J5 1 5 4
A IR R A Il oE IR BR 0 I TR R RO A
50 mL S-S N BE (AARULE 1:1) , B ImA 3~4
T B KA 7 ), 98 40 W 4 v A R A S T AR
WERWHEAT I 2, I W e, H 15s N
b T I BT D2 ) S Tl D N A 7 -
Hmhr .

Z M GB/T 5009. 227—2016 1 J5 ¥ % 46
AR Y o AR (R T o R PR R A B RE S
A 30 mL =5 H e - VK S BRI, R% R 50, A
1 mL 0 F0 Ak B9 0 R, TR T R AT, 0 RS AL
3 min, BSE N A 100 mL 7K , #2) J5 57 B FH & A6
TR 4B M VA VT R, T E IR B A BTN A 1 mL
TERFE N T Ak SR T R O 2 e SR
T R AR T SR
1.3.5.3 DPPH H H 2 Frae 10 E

Z I8 Xu PR R E VK R 517 nm,
# 2 mL DPPH % ¥ (0.2 mmol/L) 5 2 mL J&/K
CFERWARGIR ST M WO (A) 4% 2 mL #
i T 2 mL DPPH W, IR % 1R &), G &
30 min, MM OEHEE (A) 4% 2 mL #4405 2 mL
K TR GIRA) MW G EE (A,) . DPPH H H
BRI ITRE AR,

Az _Al
I, =11- x 100% .

0
1.3.5.4 ABTS H i F&35BR g 770 &

Z M8 Okoh %Y By 73k, W B K 734
nm, ¥ 7 mmol/L ABTS ¥ ¥ fl 2. 45 mmol/L i
BRMR AR W S A BUR G, MO R R E 12~
16 h, W 1 mLIEA WS 60 mL HBEIR AT, #21
H SR R 0.700+0. 02, 15 2 2 . K 4 mL



14 T Tk RFFR(ARAFIR)

2024 4

W E WA 100 pL AR IRFIRAS, & & 10 min,
HWSCRE (A, XA EE N A,. ABTS H
LR (L) HEARMT,

A, - A
12=( ‘ ‘)x100%o

0

1.4 HESH

AR EE 3 K, &5 A8 BCE M, 1
B H bR e 22, F) ] IBM SPSS Statistics 23. 0 3
TTES MM, F A Design—Expert 11 347 i hf
T T FZE S B, B Origin 2024 % £ 2E 17
a3 b Bl 1A

2 HEREG AT

2.1 BEERBER
2.1.1 A B R A IR E G R
75 T X i i B BRCR Y 5 e Gn 1A 1 TR
L5 0K 7 A BT A L, R R AL B BH SR T 0 AR
PEEUR B 25 88 P TR A G, A 2R IR B LR
I RS AR B 7E 240 W B K 31 e K
{H,N 86.08%+1.24% , #7125 {LVE FH 8 % i
IRAE A 40 M BE 5 LA — 5 5 B 9 T PN 4 o i 1Y
W R DA R RS R AR, R
O T SRR 4 B B R R R iR R T 40 M P
THAE AR, LR 75 ) R R 7 AR Y I A
BN T RE 2 AR il I 5 R R IGO0 A
A A R AT RE S BRI IR R S B0m R 5
WA FrBEAR, P, el A DRl 240 W,

90

AR R EE /%

~
(=}
T

N
)

A R/NG FRER R 2253 B3 (P<0.05) B 2— K 5 [l
B 1 REAFEEBBERREGY R
Fig. 1 Effect of ultrasonic power on extraction

rate of peanut oil

2.1.2 AEJRBF R ¢ e A b lE R IR 6 B
A 8] X6 il I8 $E BOCR BY 2 AR 2 B,

Wi 5 1 FH ST A8 388 o, 9 g B2 BOR 2 3 1 K5
AR A 3 7E 40 min B35 BB KMH, N 87. 08%
+0. 17% , 15— & N B} 0] P, 6 75 It i ml LA
T TR 400 235 40, A1 3 S i R i, o 4 B 1
B % A B[] i) 1 — 25 38, W RE 2 & A
FEAE R S 300 A BT 6 2 A A i AR i R OF
LR P 1) #R0NE TTRE 2 1 I T g 1) B o 3 K
WG A NI AR SR R . R, B
HEAE H B E] ) 40 min,

90

ke
[

THARREE /%

~
w

70

(I) lIO 2I0 3I0 4I0 5I0
A2 B B 1) /min

B2 AR BT x4 A i R SRR R 8 h

Fig.2 Effect of treatment time on extraction

rate of peanut oil

2.1.3 VAR ESABERREG Y

VI BE XoF i i 2 3 1) 52 ) G 1 3 T
Wit o T R ) R i A R B T e S R AR
) e, 78 50 °C B3k B e K AE, 4 88.08% =
0.21% . TE— G W, bl & 1R R B 69 T
LA O AR B A F Rl R R T b
S, T M RE R A O E VR A . R
T B AN A 23 5 ) S M T EL £ 5 e i 7R
Bz AR T AN A1) 4% o0 o 2 19 42 v A B 2 1Y
B4R B E 0T BB 5 30 R R O 1k Y B AR
PRV SR A SR R N R B L, B AR IR
4 50 °C
2.1.4 HrwsamAmERREN SR

BRI LE XTI B B2 B 0 S e 4n (5] 4 TR Bl
ORI LU 08 R AT, 1 A 4 BB W G 7 15
o/mL B IR B KAE , M 85. 75%+0. 77% , bl j5 &
TRER S OB RS RO AR FR IS e
FER R WA AR, AR Tl S I AR EAE T B
OB L 0 980N 5N I A AR A G K 4R
2 O RE B A A R T A A 0% RS, BN T
ik /NG AT e T 3R0 B 1 T R | S 350 B 4 R
BITREAG, B, SRR N 1:5 ¢/mL,



FA5SEF2H

FEM, S R FHB R RRIRIC A B IE T LR EZ B &R O 15

90

85+

80

T ARIREUE /%

75+

70

20 30 40 50 60
fERERE/C

B3 MRBEAEBERREN YA
Fig. 3

Effect of temperature on extraction

rate of peanut oil

T ARIREUER /%

1:3 1':4 '1 :5 1:6
BB H/(g-mLT)

B4 gkt A b IR R IR TR
Fig. 4 Effect of solid-liquid ratio on extraction

rate of peanut oil

2.1.5 mBEE AT A i RE R IRE 0 ok

Jon e 2 O Vil R B B Y 5 4n 1 5 T
Bifi 5 0l A O, W BRI RS LA
Rt #5761, 0% i3k B B K (E, N
92.60%+2.00% ., T — & WU Bl W, I il & 19
TR B B 55 0 R AR N TR
T 46 A= 20 B m DR R B B I, il B # S A R
PRECRT R, B, S 1. 0%,
2.2 Rz E AR IR Ie

HR A5 B R 3R 45 S | B 9% 4 A5 T 28 A F B[]
YERREE o A8 & FE TN B & 1.0% BH L 1:5
g/mL BT, BT = B &R = K A9 i 0 T 3
B (3R 1) o M) L T 46 45 R N [m] A AR Ty 22 43 b
SNk 2 % 3 B,

XPFe 2 Bl AT I H LG R EILE R
Y=93.14 + 2.054 + 0. 71B + 0.90C + 0.52AB +
1. 17AC-0. 16BC-5. 894> -6. 62B*~7.99C" ,

95

HRIRELR /%

[}
<
T

~
w
T

1 1
0 0.5 1.0 1.5 2.0 2.5

70 1 1

i E/%
CIRENPE S SR RN LR SR AL
Fig.5 Effect of enzyme amount on extraction

rate of peanut oil

A1 va R @R E E Ak F

Table 1 Response surface experimental factors
and levels
KT EES
ABAYHR/W BAEEE/min - C AR/ C
-1 205 30 40
0 240 40 50
1 275 50 60

X2 chm®KKIERLER
Table 2 Response surface experimental design

and results

N o] A B [% Y 3B/ %
1 0 0 94.50
2 -1 0 1 76. 10
3 1 0 -1 80. 09
4 1 1 0 85.73
5 -1 0 -1 78.84
6 0 0 0 92.42
7 0 1 1 79.50
8 0 0 0 91.24
9 0 -1 1 81.54

10 0 -1 -1 77.23
11 0 0 0 93.05
12 0 0 0 94.48
13 -1 1 0 80. 08
14 1 -1 0 80. 14
15 -1 -1 0 76.57
16 0 1 -1 75.83
17 1 0 1 82.02

H & 3 AT AR B 3 (P<0.01) , 2 LI
AN (P>0.05), [\ AR (g REL(R) N
0.950 3, R e iE REC(RL,) M 0.886 3, 1 X
BRI BAAE, BA G552 X, o iz b
VA7 6T R 7R B Kk B CAE A T IR Y ik
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Table 3  Regression and variance analysis
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A 33.58 1 33.58 6.25 0.041 0 *
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C 6.43 1 6.43 1.20 0.310 4
AB 1.08 1 1.08 0.20 0. 667 3
AC 5.45 1 5.45 1.01 0.347 4
BC 0.10 1 0.10 0.02 0.894 1
A? 145. 84 1 145. 84 27.13 0.001 2 ok
B’ 184. 68 1 184. 68 34.36 0.000 6 ok
c? 268. 82 1 268. 82 50. 02 0. 000 2 ok
5k 2 37.62 7 5.37
ESie 29. 84 3 9.95 5.11 0.074 5
iR 2E 7.78 4 1.95
SR 756. 50 16
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Table 4 Fatty acid composition of peanut oil under different treatment conditions
P — & Wi & 7/ %

T3 T Ak 3 it i Ak 7 Ak R 7 Bl By R A
FEAAR (C16:0) 13.59£0. 02" 13.35+0. 10° 13.51+0. 06" 13.86+0. 01"
TERAR (C18:0) 3.40%0. 29" 3.40%0. 11° 3.51+0.31" 3.10+0. 09*
MER(C18:1) 38.65+0. 12" 39.33+0. 16" 40.33+0. 17° 40. 4420. 57°
TiHER (C18:2) 38.22+0. 07" 38.30+0. 24° 37.00+0. 16" 36.97+0. 05"
FEA R (C20:0) 1.70%0. 42° 1. 11£0. 09" 1.36£0.17* 1.56=0. 16"
A — IR (C20:1) 0.85+0. 12" 0.74+0.01° 0.62+0. 13" 0.70+0. 06"
th#r 2 (C22:0) 2.590. 42" 2.72£0.11° 2.56+0. 17" 2.33+0.37°
AR (C24:0) 1.04%0. 04" 1.08+0. 01" 1. 14£0. 04" 1.07+0. 01"
A AR 10 1R 22.29+0.31° 21.6420.41° 22.06+0. 21" 21.91£0. 47°
PR AR NG 5 R 39.49=+0. 24" 40.07+0. 16" 40. 95+0. 04" 41.13+0.51°
EZNik i v 38.22+0. 07" 38.30+0. 24" 37.00=0. 16" 36.97+0. 05"

W RAT RO R FE R RN R B2 5 (P<0.05)
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Table 5 Acid value, peroxide value and DPPH, ABTS free radical scavenging rate of peanut oil

under different treatment conditions

Ak B 4% A MM/ (mg-g™") A/ (g (100 g) 1) DPPH H M3 &R R/ % ABTS H 35 R R/ %
o i b 2 0.290. 08" 0.08+0.01" 30.3720. 95° 50.04+7.67°
it fige ALk 1 0.33+0. 04" 0.10+0. 01" 45.81+1. 42" 70.39+0. 11"
7 b PR 0.36+0.02° 0.13+0.01° 40.89+2.71° 56.80+3.47°
7 Pl IO R A 0.38x0. 04 0. 15x0. 00° 64.82x2.51" 82.56+6.47"
AW OR W R R B2 T (P<0.05)
DPPH Fl ABTS [ A5 Br R 2P Mt e BRI,
RE S dc PRI Ok 200 W A AT A T 11 B el 7
EHLE  EAE 3 ) e B Ae A, R M Bl s T SEE:
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