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Process Optimization and Quality Research of Oil Extraction from
Tiger Nut (Cyperus esculentus L.) Using Ultrasonic-assisted
Extraction

QUAN Yu, LIU Xueqiang, ZHAO Dandan, RAO Huan, WU Tongjiao, HAO Jianxiong’

(College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050000, China)

Abstract: In order to improve the yield and quality of tiger nut oil, the strategy of ultrasonic-assisted n-hexane was studied
by response surface methodology. In this study, the total phenolic content, total flavonoid content, free radical scavenging
rate, fatty acid composition, and 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) clearance rate in oil samples were
investigated at three temperatures including 25 °C (room temperature), 47 “C (optimal temperature for ultrasound assisted
extraction), and 60 °C (high temperature). The results showed that a high tiger nut oil extraction yield of 25.01%+0.03%
was obtained at a solid-liquid ratio of 1:15 (g/mL), ultrasonic time of 20 min, ultrasonic temperature of 47 °C, and particle
size of 70 mesh. The obtained oil sample was yellow-orange and slightly turbid with a unique aroma of beans. Besides, tiger
nut oil had a certain scavenging effect on DPPH free radicals. Ultrasound could better dissolve the nutrients in tiger nut, but
it had a large destruction effect on tiger nut flavonoids, while the content of phenolic acids significantly (P<0.05) decreased

at high temperatures. Ultrasonic treatment and temperature showed slight effect on the types and contents of fatty acids
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between 25 “C and 60 °C, and the highest content of oleic acid (C18:1) was about 73.81%~74.00%. These results provide a

theoretical basis for the development and utilization of oil from tiger nut.

Key words: tiger nut oil; ultrasound assisted extraction; process optimization; antioxidant activity; gas chromatography;

flavone; polyphenol; fatty acid composition

MY 5 (Cyperus esculentus L.), X 44 ER225% 0%
PRIRIE, EVSERMAY EREE, FERRIUN Y PEEE T Ak
PHZRALERB) Z FPAeL, HHRHGEAE FTTE 1952 4EHbEE
VPSSR [ E M B Tyl SaE R Kbt
WPRE, GRS FE T 5. Y bskirE H b A KB, i
HEhEILFFEEZP, WP SR & PSSR,
Horph g & EAR s o B Sl LI R (67.71%~
74.60%) >Ry =, BRI AR AN DT B2 & s, Sioivh
ARG T R 2 BOARARL, B R (L 5 AR 2 ek,
IS S E SR T B —E P . ik
241, Shantrell 551 (YT TE 45 R FLBH, Thyb &2 7K 2
0 W B B vh 2 B S AN e R S5 0 AR A TS R
Ay, BAT A2 IR RE T, BB A ROE kR 1,1-—
L 2-— fiff 3£ 28 B (1,1-diphenyl-2-picrylhydrazyl,
DPPH) [ 1 ZEFI 2,2"-HRS- XU (3- £ FEA T BEME - 6-
fith i ) ( 2,2'-azino-bis( 3-ethylbenzothiazoline-6-sul-
fonic acid), ABTS") H 3%, Jing 257 3@ o i Y5 59
RSN N LA A TS PR et 3 B Tyl v Sy B
B R4t e et ERe .

VAR B UL 7125 T 43 A LA AR $E 15 70
B, HLBRTEDRGHAE B, (ELHH T 3RAIG; AT el iR 4
Sk ath 2 A7 H R IS 55325 (superecritical fluid ex-
traction, SFE) , 7KHfF% (aqueous enzymatic extraction,
AEE) | 7% 7% ( microwave assisted extraction, MAE)
N EE RS P S Bh v (ultrasonic assisted extraction, UAE)
PG | SRS k. BT SR SFE 12
By w2, 7593885 24.90%, HANEFIS IR & &
AR, (FR SR AN & . XSS FIIFH AEE 7K fi#t
AR AH M BE SR SREG AR, (2 AEE PRSI FRRIL
SRR N TR R], HL K g if R 2 (0 78 34 o S a3t
o Hu %P i MAE $2 IG5 &, DL T ik
TRER(2: 1, v/v) R GPIVE TS, $2BCEN 24.12%,
520U (soxhlet extraction, SE)AHEL, & 3%
JBLG3E b O e, AR O A R 2 IR 5
M UAE FI) FHHE 75 I 0 25 (e 3O0 ML LA B 34
RN B T A R, AT LA BRSO AN Y 5 1
B P, HIR AR, XS I R R 3N

BB I Y 8 2 1 o0 CRA & 5 AN
SRR S ) fRiE R D, IF Hak s g SR AR v e
By =G, IR EEAE R s, T LAAS IS8 ) T 7 Al
BIE e By o, IR i O bR R
4, AR IR 25 AR R PR S A B e IR I Y
T A T S RIS B PR S S N, I RE T I

g1 DPPH H B ZLVEBREE 1 N8 iR 2H e, LA N
TP AR A I R SR AL Femt AT AR o

1 M5
1.1 #MREEE

VWP T b KT IEC e . oK S EE. P
TEPREN . IRTREN . MHTRED . &5 MLEN  srbral, Rt
BRIFHLIE T R 7l W& F IR An v 5 (HPLC =

98%) . 1,1- " KFIL2- =L (DPPH) g3
SR BRAS 75 tEAREHAGR Aidsel,

W R & A IR |l 2 T AR i (HPLC =
98%) i, b F S ERHEARA

Blue pard ALy 7456 . HWS-24 HIEIE KRG
il EREE S A TR F]; SpectraMax M2 fiff
R ZEE Molecular Devices 23l ; HC-3018 /& i
BELDHL LU R R A G B H]; 1T-666 15
L LR )E A B F; RE-5205 Jiefb 25 &Y

gAY AT CP114 TR By
Ao () A3 BRZS F 3 XM-P222H JoAK V5 288 75 I
WUEHL /ISR (B 1) A R H] 5 Agilent
7890B “TAHEIEAL  SEE Agilent 23 H]
1.2 LWHE
1.2.1 b G imB A BRI T 2 b E R
B —F H — B 0 1ok G — 8 7l B OE O b R H—
9000 r/min, R T 8.0 10 min—ZE K — T HeE
HIHI B,

FRAEZE A SHmYBE S 5% NaOH 7E 70 °C T
%2 6 min BLEZ, G /K YRS, HARIAT 4 hs Bimrad i
A5 FHAIF B ALK el 0 0 I s e 4 fs , 8 P 2l B O L e
PRI, FEE IR ES O, AR LIS R RS A  FHiEs:
FEKALT 40 C FZEEIEC b THEE. WHyF
AT JE PR PR B TS B 2 25 /T 0.2 mg. il
TSI T 4 °C VKERIRAEE -

1.2.2 M TIMARRITEE ORI Al B SRS 2
VP S BIMPRE, S0 T SO0 T E A th s 2 v
AR

EHR R ()
TR E(g)
1.2.3 PARZESLE  FREL 1.00 g PP SRR, #4408
1.2.1 PR AR SEATAE 75 T B R B #5 hlR EE o
1:14 g/mL, #EEE] 2 20 min, B IR 210 W, B
PRI 40 B, 228 A[A]#E 75 I (20, 30, 40, 50,
60 °C)XHMPF EIMAR R AR PR L 1:14 g/
mL, MR K 40 °C, A TR 210 W, # ik
JE 40 H, BRI S IE (10, 15, 20, 25, 30,
35 min) X v 5 5T A5 500 5 ) 5 5 R LG Y
1:14 g/mL, #EAHTE] A 20 min, 5 IR 40 °C, B

F5(%) = x 100
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WERLEE 40 H, Z 5 AN FEEFS T3 (210, 245, 280,
315, 350, 385 W) XHHPS B ilAS SR VRN P AR 7S
A 8] 249 20 min, BB TEEE 40 °C, B2 315 W, #5
WERLEE 40 H, ZZs AN L (1:8, 1:10, 1:12,
1:14., 1:16, 1:18 g/mL) XM yH G il 2R A2 $4
HRHE LA 1114 g/mL, A EHEIA 20 min, #75D)
315 W, AR 40 °C, R RIMERE (20,
40. 60, 80, 100. 120 H)XF iy G220,
1.2.4 way e fbieS e AR e gh 4%
i FH Design-Expert 13 [ Box-Behnken #5717 1
R TEAEAGIES (BBD) , ME468E 7 2 . B8 A5 B a] L kk
WL R R RE 4 AR 2R, AT DU PR 3R — KOSP4 i)
R T TE, AT G aiA s S i AR, DU R R K
SR 1.

F1 S R R KB

Table 1 Levels of independent variables in the response
surface design
KE O AmEIE  BEUSRIE CRUEL DRI
(c) (min) (g/mL) QED)
-1 30 15 1:12 40
0 40 20 1:14 60
1 50 25 1:16 80

1.2.5 WP s ST

1.2.5.1 FEARBCESEPR  THAREWIE . SR, BERIK
¥t GB/T 5525-2008 <t h g B | AR . 250k
By A RE o

1.2.5.2 B2My&EME >R Folin-Ciocalteu Lt &
o 0.2 mL I IR 80% LS 1 mL
0.1mol/L AY & M i ¥ 1R &, & B 3 min J5 U8
3 mL 10% Na,CO;, E A E 10 mL, #5601 h,
T 765 nm AbIMEOGEE . ARAEITZR 2l K3 FR
FAE TR IR 1 mg, 258 K i 51 il il
0.1 mg/mL W& B FIRbrESS B . R % B R
FBEAR 0. 0.5, 1. 1.5, 2. 2.5 mL, F 8RR i 5 i
R FL bR UERT LR, S5 R A BT ik e+
1 o e 2 7 T A it v R B B2 AR I
U584 y=0.4060x+0.1845, R?>=0.9961 .,

1.2.53 SAEMR S ENE B 0.2 mL VM S
80% L FEHEHLY), 5 0.5 mL 5% NaNO, IF IR A,
HE 7 min JGAMA 0.5 mL 10% AI(NO,), I, L
7 minJ& i 5 mL 1mol/L 1) NaOH ¥, 60% 2.1
EZEE 10 mL, 76 510 nm AIERE SO, bR
HEMD e ny 2 . K 3 PR S T AndEdh 10 mg,
60% LB EAZE 100 mL, H16% 0.1 mg/mL )
T ARES B . K B UE S B 0. 0.5, 1.
1.5, 2. 2.5 mL, 322 BEAE 5 9 00 2 R0 2 R4 il b
HEfhZe, 251K LI mL b TR, bR
HERRZE RIS 52N v=0.6811x—0.0021, R*=0.9973,

1.2.5.4 DPPH H HH3LERBME  HICK LB
BABCHRIME S 4. 8. 12, 16, 20 mg/mL B ¥ Tl
i, S35 EL 1 mL ££ 5, A 1 mL 0.2 mmol/L [
DPPH-TC/K 2 BEHS W, 250 Ik 56 #R B 30 min, T
517 nm AMMERSCREE A3 FHTC/K LB DPPH %
WAE 25 F A BE, DU e OB RE AL 32 R =03
DPPH [ i Biflisgl> 1o,

A —-A,

DPPHH H3E7ERRE (%) = 1- x 100

i Ay Jo/K ZBE+DPPH ¥ W I ROGE s A
FEAR+DPPH BRI GRE ; Ay: BE SR +TC/K 2B
SR
1.2.5.5 JRIWFIRA B E IR IRL BN E 7 kS
8 GB 5009.168-2016"7, S AH % 4514 3% 4,
HP-88(100 m=0.25 mmx0.25 um); Kl 2§, S KIGES
FALRINES (FID )5 20, AR (LHE = 99.999%); #1
#i: 100 °C 4% 13 min, 10 °C/min FHEZ 180 °C, 1%
¥F 6 min, 1 °C/min F} 75 2= 200 °C, £ +F 20 min,
4 °C/min JHEZ 230 °C, £445F 10.5 min; B FREE,
270 °C; ®riM#SVEEE, 280 °C; 4yt b, 30: 1; dhkE L,
1 plo
1.3 HEAIE

TR SCEE R 3 K, BdE LS (EAbR 2 R
No A SPSS 26 HA4-XF £ 54T Duncan 25 b
¢, WA N TSR3 Design-Expert 13 11 Origin 2021
AT T SRR . B MKSERf 2 S P<0.05,
2 ERS5Hh
2.1 BFERSEER

AR YS Sm AR R A sEm A 1A R,
P 1 4 A5 3R B P B T v e S IS, A
40 °C IS B, N 19.49%, TEE TS dE e
TEVEE T P A B G RS, 15 7910 4885 B IO B2 1K, YR ™
TN, A5 5 S0 {E ik vy iR B3 1 v Rl
TANZE SR, SECUIA A B o VE G, 25 ot
PRAVE YR S50, 1E Ve rd Bk SUARAIK, 298 69 °C, FTLA
T B T v F LA Ay i BROS 791) 1) 2 B R AT R
m, R S RIZE &, v T R SR TRl
AR AL, FEASRAY K TR, Tian 400 $2
WA AR 5 0 35 458 SR Y5 G I BT AE 40 C
ZIEFH R 3 (P<0.05) TR, RIEIESE 30~50 °C N
JE SRR

A B TR P S AR R A2 i i & 1B TR,
it 25 i RS ] 9 ZE S, Y95 Sl AR T S e
B, #£ 15~20 min Z [AIF5 G N, 4 20 min B
KB B RKAE 19.55%. it 20 min B FF4F DL R
Bo IR AR BUSRR AR, AT AR 1]
PO VAR R B IR 75 2 ARSONE, B R Bl ) R, R R
I A 27 2 AN it HR Y A RS TR A RE S, TP PR
) IO A5 4% O R TR AR SR I v, B8R R 5 S
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Fig.1 Effects of single factor experiment on the yield of oil from tiger nut oil

TE: A: B IREE; B: B I I; C: 7 0385 D:ORHR L Bx By TERLEE ; AN [R)/ING PR AT B35 25 5%, P<0.05.

2400 20 2Ok L, BEAIR T 70 41 i 25 4 1 18 i
PEP?, Joven 45 AEHE IR <PAR A -1 R H- AT 2L
PR, RIS 15~25 min R f5 SRt a)

P DRSPS A R A2 R ] 1C PR,
AEFETIER M 210 W BN 315 W B, JHAFS- 324 T
I, 4E 315 W Bk Bl i KMH 22.97%, Z e b5
75 DR A B RAF R AR R, 33X 5l AR S50 Fie
FFFF A PR TS S B s g R A — R X
FH B RS DR a3 At 25 AL R LA E IR A, vhifig s
H B B PO M PR DR R, YR T RE S
AR S, (R RIS AT Yl /227 s BGEE 7 D15y
315 W BOEH

B XTI P5 T AR R 52 B 1R 1D s .
R I 7R FH R AR, T S AR . 24
WA E 1:14(g/mL) B, v 1945 3235 2 5 & 1
24.48%. 2R ROBH LB AR XA 5 A 2
25, ARSI SRR} LE ) 2 S BOMAR RIS N R, 31X
55 Tian ZEU F1 Senrayan %517 H2 BUA A ki B 58
R TR YA BB ET

Hyh =R HL R R, PRI AR O e S A ML
Ty 12 A AL P ER, DT A S50 ff g o P8, FE 1:8~
1:14(g/mL) (a2 8 I 388 i T SR> 18y
WP BRI LS T T AL B A T p Bk sh 10200 H 24355
BTN I O B o oY [aousa ST SRV OISR A e UL VAN G0 S D e o < I ey
ACFIH LR G800 580 B U5 , 308 IR 2 s
S TAER RIMESO), S Bkl b 1:14(g/mL) 2247
BEE L,

AR Xy B SRR sZm H E 1E TR .
TEM FRRLE S 20~60 H B, 5625 453 fk B i 358,
TSR EH R 5, 7F 60 H I ik 1) KA 23.96%,
T 2485 6B BE KT 60 H B, 15338 g 3 (P<0.05) F
R o R BRRBRRC ) A 5 Al B LT AR AT e A
B, FRL AR AR R S MR T AR A5 ) SR PR 21, 3
S PRI SRy TR o R S AR AN, T4 7R 5 R fh e AR
K, AL TR 180, W T S i3 AL T 25 5 B BT 4
(B3PS SR R AT SO 52 DU B R 52, AN 5 9l i 7+
Befh 56 4, BEIN T AL BERE ), ASFIF I ER I, PRI
FEURR TR XIAEAEED SR Rt &
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BRI B T 60 HIG SR 3 T . Hbwy
WERLEE1EHE 40~80 H /5Lyl B .
22 BERAESN

P 2 AT, A B 2R BT AR R W B S
2 (P<0.01), 875 Ty ZAHXT TR LL . A8 7 B a] |
B P R B UM s B oy o ST AR SR G M R /N o
25 RS SRR, A N DA TP e
b R AR L R P YRR TR R DA DR R R A T
gt

ZIN o

2 BRI TS
Table 2  Analysis of variance results of single factor
experiments

S

BHELE  EADIR S EARE O EAEE RERE

F 501.531 40.013 205.802 239.037 2022.246
P 1.701x107"° 4.468x107 3.389x107"" 7.066x107'" 4.062x107"7

2.3 M ERRIGEER T
2.3.1 WEEEIR ST 2200 AR AR ER S0
AR AESR A, XS AT A4S A O s ST E Y
my e 29 2H ST 5, LABEAT DU R 3 = 7K 57 04 ) 5 18T 53
A, BARZER UL 3,

B AR SL ISP 8 i Design-Expert 44347
Zou ARG, 1IS2EG RN R, LR

3 M A BT A

Table 3 Design and results of response surface methodology

experimental

FES AR BREFEAE CEREIL DBFFALEE  YRE(%)
1 1 1 0 0 22.71+0.04
2 1 -1 0 0 21.43+£0.10
3 1 0 1 0 23.89+0.18
4 1 0 -1 0 19.00+0.05
5 1 0 0 1 23.8+0.08
6 1 0 0 -1 19.594+0.01
7 ! -1 0 0 20.49+0.14
8 -1 1 0 19.47+£0.10
9 -1 0 -1 0 19.11£0.09
10 -1 0 1 0 20.42+0.06
11 -1 0 0 1 21.3640.15
12 ! 0 0 -1 18.27+0.13
13 0 1 1 0 22.27+0.09
14 0 1 -1 0 18.56+0.09
15 0 1 0 1 21.63+0.11
16 0 1 0 -1 18.524+0.10
17 0 -1 0 1 22.0840.16
18 0 -1 1 0 21.714+0.13
19 0 -1 -1 0 18.27+0.14
20 0 -1 0 -1 17.67+0.04
21 0 0 1 24.09+0.22
22 0 0 1 -1 18.5240.15
23 0 0 -1 -1 16.81+£0.06
24 0 0 -1 1 18.77+0.04
25 0 0 0 0 24.06+0.11
26 0 0 0 0 24.06+0.13
27 0 0 0 0 24.11+0.21
28 0 0 0 0 24.00+0.19
29 0 0 0 0 23.95+0.10

IR AL S ETE] B B L C AUk D A H
AR, LAY SO A S Sk i B A, B R Y=
24.244+0.9417A+0.1258B+1.70C+1.86D+0.5750 AB+
0.8950AC-+0.2800AD-+0.0675BC—0.3250BD-+0.9025CD—~
1.28A%-1.87B>-2.29C>-2.33D?,

[T USASE IR S — 28 0 FH i 25 53 BT B 4l 25 PG 56 12
TP, G5 SRR 4, FAEF PAEAIT B3 MH17b
AT A, BT F=147.44, P<0.0001, <8 [A] 45575
e i 2, B GeiT2472 S0 JUI F=0.2908, P>0.05,
I T AR SSAUAR S T2l 22 1 i i o5 S A%
ARz 2 AN, AL, AR S
TIMAS SR AR MR BE /N Ay A R B> EE >l
MR, R?=0.993 1, BN AS 5 [ A8 [A]
A —5E BLNESC R B AL TE R AE RAL R, =0.9865,
T PAE ZREL R2p,.=0.9776, Ut iZ o] YA Y et 5
i, BT R A B0 P0 E F fE g B AR S ZR R
C.V.%=1.34, UL 45 SR AEwf e ol FEPEE T . Adeq
Precision {H KT 4 F ARG THL e J7 R iP5,
ZAEAY Adeq Precision=35.9394, i HH HE AR E L
Bl PN S HER T SR o

*4 TTEIHE

Table 4 Analysis of variance

R CFUrAn AmE 5 FfH PH  BEHE

iy 163.81 14 1170 147.44  <0.0001 ok
AR
L 10.64 1 10.64  134.08 <0.0001 ok
%flﬁaff 0.1900 1 0.1900 2.39 0.1441
CEHRLL 3461 1 3461  436.14  <0.0001 ok
D.ﬁ’gp 41.63 1 41.63 52454  <0.0001 ok
AB 1.32 1 132 16.66  0.0011 ok
AC 3.20 1 3.20 4037 <0.0001 ok
AD 0.3136 1 0.3136 3.95 0.0667
BC 0.0182 1 0.0182 02297  0.6392
BD 0.4225 1 0.4225 5.32 0.0368 *
CD 3.26 1 3.26 41.05  <0.0001 ok
A? 10.58 1 1058 133.32  <0.0001 ok
B? 22.64 1 22.64 28534  <0.0001 ok
c? 34.08 1 3408 42944  <0.0001 ok
D? 35.24 1 3524 444.08 <0.0001 ok
B2z 1.11 14 0.0794
KT 0.4677 10 0.0468  0.2908  0.9485
4R 0.6433 4 0.1608

B2 164.92 28
R*=0.9933, RZAdj:0.9865, Rzpred:0.9776, C.V.%=1.34, Adeq
Precision=35.9394

TR+ FOR 2 AR R 3 (P<0.0001), ** /R 25 70 835 (P<0.01), * %
IRFESIE R (P<0.05)

2.3.2 WANTHAZHAERSHT AR YE BN R i X
7 g n) 7 T L, TR DRI 2R TR 38 B AR FH i ss o A ME S
A e e T AR, MR IRDEA eSS B AR XTI B (B Y 5%
MR e Sz pH T P4 SE MR S e 1 450 R B A e R
BE, BENEAR SR R Z X N AR FE I, anlEl 2 o,
i 3D BRI H — 2 iy “4h EE 07, PEBH U 4%
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Fig.2 Effects of the interaction between two factors on the response surface

T a P Il E 5 P N IR]5 b P I B SR LG o P il BE S5 R R L 5 d: P IS 8] S5 R L5 e P T 8] S5 R R L 5 £ A

WS R o

PRS2, A RAE DU 2R 1 — /KRR e S T
PRI 4553 4, AB. AC. BD, CD 1y
A& E AR FH XTI B 5200 i 35 (P<0.05), CD W38 5.
VE XTI A AR R, AC K25 AD . BC HYAZH.
VEFIXT IR BB A SE MR AN i 25 A, PR R AR50
R 27 S S R N B T AOTEIR, BT B XA
PASE IR AS s 55, T LAIE] 2a. 18] 2d. B 2e BKDERGHES
Asf TR T AR X 22, FE A S B AR IR . M Reer B
BB MR, TEE 2¢. & 2e. [ 2f H0A TR, 15
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71.02 H, iMFEIM B RAS R R 25.59%; (H5 1EE]
SEBRERAVERI AT AT, B TS VR S B b 1015
(g/mL) . #FFATE] 20 min, IR 47 °C . kL
BE 70 H, fEiz 54 T 82 $E U 3 YRl B o, 52
PRGN 24.98% . 25.03%. 25.02%, FH X r e 2=
RSD=2.00%, -5 [=] IS5 AY T30 (149755 e IAELAH HL TG
2255, UARH N FH e SRR DA v A A S
BB T 2 A RS SR AT &

24 ARIILZERE AR

2.4.1  AS[E]REE ROER PSR T vl Ao 3 il A3 AT A
fePERFER P 25 CCRIR) L 47 CGEASHBIIE
BURAEIRE) L 60 °C (Frild) =R, s ailtei s S
AR ST T UEA IS il PR E, I XTI 6 4
YR S TIEA S B AL . SEEER . DPPH JEER
SRIE, G5 3~K 4 Fras. mE 3 "5, 6 41

TR AR EA TR IR, 76 20 °C JiCE 24 h f5 23U
MOIRES, WA BAE (0, JCW] B SR, BT A
B‘Jﬁ/:‘o

* 8§ ' y == - — i i

il M} i3

[—

K3 6 ZHimyb B v
Fig.3 Product diagram of 6 groups of tiger nut (Cyperus
esculentus L.) crude oil
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XA IR G IC HAR IRAEAE A 2, DR SR EEX T 5 7R
WA IOV AR EA, A ZH YT a3
AL AT BB R A P TR 3 D AR U i
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H: C16:0: #EAH PR ; Cl6:1: Athl — IR TR 5 C17:0: + L ki fid;
C18:0: A l5 2 ; C18:1n9c: JH R ; C18:2n6¢: M iR ; C20:0: {1
H: R ; C18:3n3: W AR ; C20:1: W-11-— -1 &5HR; C22:0: Ll A7
fiR; C24:0: —+ DU,

Xt 6 ¢ IMAEIEA TG I IR 4H 8 S SR 43T, 3%
K 11 FABITIR, 4558 W3R 5.

e 5 ATRAE Y, 6 AUihyb SRR S mT A H i g i
BRZH AR R, BRI BT AR A i N AR T
W AE S B RS IR TR (C18:1), & &
T 73.81%~74.00% ZEA47, FLUEARHETR (C16:0), &%
=Rk 12.80%, S5 HTA BT 45 RSB0, 1.
YIRS T mys S —F s Srimig A i 3+ H
A8 R FH AR S 4l B IE O b T H B A% 7 75 5 il P A
HEMR(C16:0) . i PRAR(C18:0) . JHBER(C18:1n9¢c) FIIIF.
IR (C18:2n6¢) Y & EE AT A LS/T 3259-2018K7H
VIR RTE

X 6 L IHAE A R AR TR S A FRR VTR (SFA)
B AEFINEITR (MUFA) . Z2AMEFIIEITL (PUFA) |
AFRRIVITR (UFA) 14 & et 7 i 2 T, 455
7N B AE R (C18:0) AV PR AR (C18:3n3) FY & 5L 7E
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Table 5 Fatty acid compositions of tiger nut oil (%)
AR 25 25C 47 47C 60 60C
FERER(C16:0) 12.82+0.00° 12.77+0.07* 12.75+0.00° 12.74+0.08" 12.74+0.09* 12.73+0.08"
Tt —JE R (C16:1) 0.27+0.00" 0.26+0.00° 0.27+0.00° 0.26+0.02° 0.27+0.00° 0.27+0.00°
TLAEmR(C17:0) 0.060.00" 0.06+0.01* 0.06:£0.00" 0.06:£0.00" 0.06:£0.00° 0.06:£0.00°
TSR (C18:0) 2.53+0.00° 2.53+0.01° 2.56+0.00° 2.5440.16° 2.49+0.11° 2.5440.14°
MR (C18:1n9¢) 73.810.00° 73.92+0.15° 73.96+0.13° 73.91+0.16" 73.97+0.18" 73.91+0.17°
TR (C18:2n6¢) 9.48+0.00° 9.44+0.06° 9.37+0.00° 9.46+0.06° 9.45+0.06° 9.48+0.06°
14 /#2(C20:0) 0.40+0.00° 0.40+0.00° 0.40+0.00° 0.40+0.00° 0.40£0.00° 0.40+£0.00°
HRAR(C18:3n3) 0.13+0.00% 0.13+0.00° 0.13+0.00° 0.14+0.00° 0.13+0.00% 0.13+0.00"
MRi-11- =442 (C20:1) 0.26+0.00° 0.27+0.00° 0.27+0.00° 0.26+0.00° 0.27+0.00° 0.27+0.00°
1872 (C22:0) 0.080.00° 0.08+0.00° 0.08:0.00° 0.080.00° 0.08:£0.00° 0.08:£0.00°
ZApuig(C24:0) 0.15+0.00° 0.14+0.00° 0.15+0.00° 0.15+0.00° 0.14+0.00° 0.15+0.00°
HuFIRE T2 (SFA) 16.04+0.00° 15.98+0.10° 16.00+0.12° 15.96+0.09° 16.24+0.58" 15.95+0.11°
HURKFE IR (MUFA ) 74.35+0.00° 74.45+0.16 74.50+0.02° 74.44£0.15 74.52+0.17 74.44%0.16"
Z AR R (PUFA ) 9.62+0.00" 9.57+0.06" 9.50+0.00° 9.66+0.14° 9.58+0.06° 9.61+0.05°
A FAENIR (UFA) 83.96+0.00° 84.02+0.10" 84.00+0.01° 84.100.00° 84.10+0.11° 84.05+0.11°

NI T HE—2 5T o
3 45

SRR | R TR] RN EE RO ARk pU A~
DRI 22 4 7 T e A, a2 v 95 S i A e DR B SR
2k BHE HE 1:15(g/mL) | BBAEFE] 20 min, #HBA
BE 47 °C. ByEkiE 70 H, FEMLSME T, ymybEim
FIF53 K 25.01%+0.03%, RSD=2.00%, JHFE A 2 #5
AP OIRAS, B DR RS whvb S
TE 0~20 mg/mL X DPPH [ f1 KA — 2 I A
FH; FE R B B v, B AE AR RRE T A
2 (P<0.05) VEJH, A HE FS 21 1 Sy 5 5 Bl Ui 38
b T S BT A R R B S e P, R SR
AP ZH R B B R 1 _ T T, ST
TE W 75 1 FH i 3ih 94 5 H 4 7 35 ) IR B T ey A I
H, AELXST il 905 52 e TR SS9 T A i R0 AH X e R,
7T B 182 26 ) 0 o v TR B B B B 35 (P<0.05) R B
TE 25~60 °C #8751V FH AR EE (9 28 A X5k g 7 1R 1 o
JERNE B IR AN, JHAR (C18: 1) FrHEd i, 24N
73.81%~74.00%.

TS G —FRp R e Y, A TS i v
YA T 2= I BORibrn v iR il 2 S 44 T & AR SE, iR
PRI E S B GR YR BT EE ST B SRR MBS
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