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1 MRERE
1.1 #R5iRH

WMIEE, PPHIAEA, Ko 8.56%, il
32.95%,

KRR (=99% ) , Sa—~JH £ B (=98%) , Sigma—
Aldrich A #]; JEK C ik B S INEE e A
Mk (30~60 °C), ¥ Ry 73 M i s E O bt SN B,
okl
12 UB5EF

Rancimat743 A fb 1% AL, i+ )7 ;UV -
1000 240 JEL T, H AR B 20 7] LC-6AD 2
il & WA LR, H A B /s MELT04/02 HL
K-, Mg ) —FE R 2 AL 25 47 PR 2 7] ; Heratherm
OMS100 H # i i 5 T4524% , 22 [ Thermo Fish-
er /8 A ;Sorvall Stratos i W& R B OHL, FE
Thermo Fisher 23 ; DMT-2500 £ 4 i BEAL , Wit
R T804 FR 2S5 7890A AR (%A, K 1H
Agilent 24 7] ;6890A SAH 435 53 Hr A , 2 [E Agilent
/A #];GC-MS 7890A-5975C, 5 [H Agilent 2 7 ;
MS-5 BUIPFFAL, I ALACA PR F] s HA211-50-
06 8 Ilf S A e | g 38 T A2 20 8 I 5 2 BUAT B
3 A PLESSL G A AR BCR & B AL B B
TURME B0 58 BT 5 i 5 180 WE ML, AE 44 TH AL B 1
N A XB R E R AL, & R A PR Al s PFXi-Se-
ries 995 La 4] L 44X, &[5 LOVIBOND 24
Gl
1.3 Ak
1.3.1 (hybEHALEE b b o EA T LR A BEAY 5
0.5 mm JE B AT G R IR R RO 26
JEERE (4R 22 Rt £0.1 mm) J5 2335 T H B4
W4 CH R
1.3.2 Jhyb sl Oy vk
1.3.2.1 #WJE#E (hydraulic press,HP) FKE 800
g MV S8 (i 40 B, 3 38 B 5 £L R SF 0.425 nm)
F I AG 20 A v AL G, TR AR BILE P (AR
IRJE 30 °C . TAEJE 1 60 MPa) ; 5 15 £ 4% =& i 7] it
(2 h) 455 ak im0 S O R I T R il
(hydraulic press oil, HPO),5 000 r/min & > 20

min, b V8 ViR RO 4 CARAF R AT B &
FEBF (hydraulic press cake, HPC)%éF A 348 4
TR

1.3.2.2 MRJEEME (screw press,SP)  FKHL 800 g
VS EE TR LT, THEE 175 CH 45 min
J5 s XHRH I BV ST IR e R (R IRE
70 °C) , WO B VD F R A R M R O o AR 1
BEW (screw press oil,SPO)5 000 r/min & > 20
min, b V8 VH R RO 4 CARAFRE A CBE &
WEDF (screw press cake,SPC)% T H £48 4 CR K
#wH.

1.3.2.3 WIEH T HEZE (suberitical butane ex-
traction, SBE)P  F 200 H YA B A3 I 186.92
g WP I R 8 TR R SRS e B
25 FERE A ICHE | 4y B WE AT i RE A R TR 2 0.01
MPa; 72 HURE R B3R 5] 34 °CHY, 4% 1:10.7 ¢/
mL BRI AT e 26 B 40 min ; 55 52 A5 U
UG AT IF A WS 43 2 e 1) %30 48T 1 1), OF J8 R 46
PLHEAT BV, B2 =B 5 ) #FFE 22 0.01 MPa; i
B2 5, B HE R Il (suberitical butane
extraction oil, SBEO)FI S A UHE A M1 (sub-
critical butane extraction meal, SBEM),

1.3.2.4 #BIEH CO, 2B (supercritical CO, ex-
traction, SCE) ~ FRHL 200 g ¥ 5 556 F B T % B
faf e, i 2 P S I 0 B KO 2 TR 2 A R
T BE 40 °C, 4T ¥ CO, i i 1136 <, 99 I 1247
IEEAE, IR BIAEHUE T3 28 MPa T4, 4
RAEI 2 b Hofth TAES 5. CO, ik 16~17 L/h, 53
BHE 1 K1 8 MPa, 73 B§HE 1L K J1207% 5 MPa, %
BUAS RS W 53 1 R IV A 5 s A g, e A B
5000 r/min #5020 min, B W (super-
critical CO, extraction oil,SCEOQ ) %% kG 4 CCL£
ERE ;s B GRE AR Y5 ZORIK (supercritical CO,
extraction meal , SCEM)%EF H #1484 CA 75 H .
1325 il

HHH R (¢/100 g) = B2 (1)
1-w,
A w, AR I ¢/100 g;w, APF FEE
M, e/100 g,
1.3.3 mEfbFstrillE K3 GB 14489.1;
MR HIR GB 5009229; i EAL(EFIR GB 5009227,
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P, i PFXi %51 A 3 Lovbind A B (PFXI
995) , 7E YA 25.4 mm M ERESL Y o (LT4H) b7
(BfH)

A T E ok H Rancimat 2% 8 FREX
3.0 g WMEEAIFZE 110 °C, 7E 20 L/h RS E T
I 7 A Ak 15 5 W h
1.33.1 JEWiER & B EHFREC 100 mg
FE, A 0.5 mL,0.5 mol/L B4 F1 1E & ¢ 2.5
mL, # A 0.5 mL R (LR H R 1731-96—
6, WaAmg T 1mLIECHE), IRAWRIAPIE 10
min, 20> 5 min(5 000 v/min) . F5 LW 3 A B &
KM E AR 1 GC T R IR R H
B o FE28 DB-FFAP,, i & FAS DU e 104 Yt 2 4 15
B 300 C, A HE N 1.5 mL/min, 535 L~ 80
CLAEERAE 210 CTF AR EF 9 min, 28 J5 T i (20
°C/min) #] 250 °C, 1455 10 min, #& BN bR
I R ik

g Wi 1% % & (mglg oil)

_ PR BE T 0 4 0 1T A 2)
PR b 06 1T AR

1332 AFHmsTENE AFmNE. K
AOCS Official Method Ce 8-89 FRifEEAT .
1333 Smamie Smsaille. SR
BR[2132F17 o FH2 A0 OB EETHAE 765 nm A0 T 5 #
b A WOGRE 25 R DI B 12 2 1 KR (mg GAE/
100 g oil),
1.3.3.4  HEY) B S I 2 A S S
FE 2 BEOSCHROEA T
1.3.4 MR PERG TSRS IEITE S
% Jia SEU7 8 T2 [ AR R A O B2 O 0
TR R, BRI 3.00 g TR T TR A
BEI M, SLEVE L, 7E 50 COKIR R O 30
min, ZHL 20 min(65 pm PDMS/DVB ZEHsk ), 2E
HUSE Ja or BV A GC-MS #E £ 11,250 C# W 5
min, 7£ R GC-MS #1745 , il 1t § 5 SPME
BB 0 AE 40 CFA7 20 min, 3 1 3h#2 B0%E &
AW 30 min, A LA W E R DB-WAX
(30 mx320 pmx0.25 pm) o, TAESRMEN 1:
10 srim e, AR 250 C, BANAR
(99.999%) , 7 # 4 1.5 mL/min, BeAE & U0F <40
CHI# 2 min, 5 °C/min JIFE] 200 °C, £A£F 2 min,

SR 8 C/min MFE] 250 °C, fc ), R FFILIRE 5
min, GC-MS f&#i4ki% &k 280 °C; 7 70 eV T /=
A FL R BT A LR iz 38~400 A6
K4k A 92 18 NIST2017 (Qual =50 ) J 3% 1 2517 43
Mrisse, BAHMES 3K,

P37 i/} T

SIS JIMH (odor activity value, OAV)ZR/R
PERMERU M &AW STER R . 4 OAV=1, /0K
BR324 1>0AV=0.5, %8 B A XK, 0AV<
0.5 W KBEA B2, —MIEH T ,0AV AR, Ui
W2 XU Jo 6F 4 A DT R EE R . OAV {H 935
NS W/ (I

- M
OAV = C (3)

Kb M PR EY I i welke; C R AR
R I RO B A, e/ke
1.4 HIELE

AR g AT 3 IRE R, L IE bR 2R
7N, RJH SPSS Statistic 25.0 X # g #: 17 4047, 78
=0.05 7KF- b it 56 B8 4 47 8 35 P 4 B, P<0.05
FORBARAFAE W E 25 . 1 Origin 2023 Pro,
Matlab_R2018 a 435 /E

2 #ERESH
21 AEIZHBHTEHERENLIER

SR AN [) T 2042 B T 90 2 9 1 9l 2 B AR
PRALFE AR E LS SRR 1 iR, W E L&,
SCE F1 SBE . 204t #5331 31.23 /100 g FI
31.89 g/100 g, i % & T SP(25.52 ¢/100 g) Fil HP
T 7 (24.18 ¢/100 g), H SBE T Z 9 Hi iR [t
SCEO T2 Hih A i i MR WA K BT Sun
SEOMFFE IR I SRR 04 i AR EURE ) £
F SBE T.25. MR (acid value, AV)Flid E AL {E
(peroxide value,POV) 7 ,HPO () AV 1 POV
BLIR E (P<0.05) = T H e 3 Flom e, H 5 AT fg
SEERE RS R MR A R B E S AP
THAE BT R ) BR AR B, EB A B AR it AR R
A A KRR ITER ., AT L b A B AR B X4 il
it AR WA B AE T . 1 SCEO \SBEO 7E % Bt
AT Y SEARYg, B EaEE 2B AV M
POV A%, B B 12 /& T HPO ; 18ie J 1 3 /% K
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S CE R (EP=2 7k S eI AN TR O S S 2 )
BRG] T R 0 A PN R R Y 35 7, SPO B AV Al

POV A FFTE AR K-,

F1 FAREIZHEGHTZMEREBHLIER

Table 1 Basic physical and chemical indicators for preparing tiger nut oil using different oil extraction methods

Eikos SPO HPO SCEO SBEO
& £ /(/100 g) 25.52 £0.63" 24.18 + 0.84" 31.23 £0.28° 31.89 £ 0.07°
BN/ (mg/g) 0.55 +0.02" 2.99 £ 0.09 0.44 +0.03" 0.49 +0.13"
& A AAEX107/ (/100 g) 0.03 + 0.00 1.02 + 0.00° 0.05 + 0.00" 0.04 + 0.00"
Ko E/(g/100 g) 0.06 + 0.00° 0.09 = 0.01¢ 0.33 £0.04" 0.48 £0.01°
& F fas 7.49 £0.11° 11.97 £ 0.16* -2.50 = 0.74* -0.02 +£0.23¢
* 93.03 £ 0.07° 75.69 = 0.05¢ 130.43 + 1.49* 115.16 = 0.80"

TE AN/ 52 B 2675 28 5 .35 (P<0.05)

SPO HPO

SCE SCBO

1 AEIZHERMTZH
Fig.1 Tiger nut oil prepared by different oil extraction methods

AR AP 5 TH R AR a6,
JEF YRR B R FEAMSGER HE MRF EX
SRR — MR AE I iz Ll R ke A5 T B
FEAEN T A 1 R, SPO Y AN B
AR, 3X AT RE 5 I 3R S R AL O I BE i 2 R (5
ey €8, B B M S AT RN, Guo SFPR M T
I ST ot 26 HURT A8 I A CO, 6 B 75 53 i 56
o R R Y Bl - R B R
1 (P<0.05) . B-1THE NEAE MR EOR Rk E
Z5 BRSO OEEG HPO PLEEN
B, nfRBAE Tl b -8 N E SN, 5
SR TR T IS AT R | 5 SRR
PRA B DB o B BT, 4 R 2R b s
AR K 5> & B B A LS/T 3259-2018 F ik (1)
HLE (<0.5%);SCEO il SBEO H 7K 43 2 W& AT
1R, IX AT B R 5 T YA A G B SR v s A
HIW T REK CO, 55 & 4
22 AFEIZHEBRDTEMNERBRSE

V5 9 P IR U R LA RE R A T R | T
Fii MR IR KR A AE AR R R T, B S

M 118.14~126.48 ,1.64~2.31,13.78~14.51,317.68~
330.55,44.40~46.83,2.63~2.80 mg/g Hl 4.09~4.15
mg/g ., VS0 IS R LS T RIR D R =,
HAE 81.99% L) b, Hrfyh iR & i fe i, o5 AR R
1 72.02% , HoRJ& W R 9.64% , 1 15 17 2 S 71
HIM AR R i, BEE R I KB A AR
P FH I, R LB AR AR 3l ks R B Ak 5O B
PRI S KR %, X B I T il R R IR AR
I R T BB PR v U8 3R R A B A k-1 AKOF
FREEEIEER,

i # 2 nl %0, 2 SP.HP.SCE 1 SBE # 75 &
TH R BN AR R 7 PR & 22 N B # SCEO &
AR A 49.63 mg/g, ML HE 3 AN T4 H
W EWINT 3.50%~5.54% ., X i SCE %t
P LI 22 AN TR RN R 7 R B A R AR IR .
ULk, t SBEO (416 1 i 5 2 3 ft e AIX, iIZ R 4 ]
RE 5 & IR BN 3 78 T e v BA AN [R5 i 2 A
Ko M HPO Hh Z AN R 197 2 & i e IR, B &
T2 T 1.70%~5.23%.,
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Table 2 Fatty acid content of tiger nut oil produced by different oil extraction methods

Ji& Vi B8 &%/ (mg/g oil)

E¥il AR AR B2 AR AR i BR g R o BR I3 R T ik BR iR
C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0
SPO  122.68 £0.77"  2.31 £0.79" 13.78 £ 0.15>  317.68 £2.69° 45.14 £0.31*  2.70 £ 0.09* 4.09 £ 0.00*
HPO 12587 £1.82" 1.66 £0.034* 1451 £0.04* 31828 +2.56* 44.40 +0.45" 2.63 +£0.01" 4.15 £ 0.013°
SCEO 12648 +1.03* 1.71 £0.014* 1431 £0.08*> 330.55 £2.49*  46.83 + 0.35 2.80 +£0.01° 4.14 + 0.03
SBEO 118.14 +£2.99" 1.64 £0.042* 13.95+0.34" 319.89 £8.43* 4526+1.10" 2.70+0.01" 4.14 = 0.05

T ARG 5 3R 28 5 .3 (P<0.05)

2.3 FlIBIEXMTEREREMEYRMmESWL
TRE MR 0

A Fofrifil 3 T2 6k 3 P K23 4 1R R 1 B 4 5 i
W33, BAE 2 LA S MR EE
Ty 5 B R T I AR AR ZE G (P<0.05) 1%
PG ] BE R T AR B E I AT e DA KR I
CO, 175 fifk B 535 A% Tl FE 441K, SPO T A= B
TSR AR, A2 A SCEO 1 SBEO (1)
1.08 f5#1 1.14 f% . SPO 5 HPO " B A& B & &
B EEES, (AEAERNZE,SPO T a-EFH
By & B B /N T HPO, 1 y—E & W e SPO Ay
RS E T HAA HPO iy & &, XATREH A
a-"E B MR EE y-EFEHNE, H o’k
A B2 PR B[] 22 88 76 5 1R B 19820, Player 4615
PEAS T HE 50 CA&AMFTF KRG a- 6-F1y-4FH
W kasE v, SRk a-EF B 16 d 5P
SR I S—F y—E B W AE 24 d THRAEAE . %K
5 90 G2 [ AR 2 B0 DKOME T U0 S e S il S A i
grp,

XF T AE Y RS (WL 3) R o 3
PP B-EBERNE, HEEBEN 68.44%~
70.55% , H U SR T2 H RN 2 T £ 0l o S
) 15.57% ~17.01% F1 12.57% ~14.87% ., SCEO .

CBEO J SPO v f§§ B & e i, 43 3l R 283.48,
281.26 mg/100 g #11 278.59 mg/100 g, X Al g T
W ST B R I S CO, A B BV i b 3% B 4%
W X 5 Xu SIS 4SSN — B, &
) A b B AT A T2 2E P VR R B 5 BE A 1
th o SPO H B By ik 1 3 T 3 A, &t b
FP AL 3 i 0 200 B 4 A A B | s R N
S B0 2 W 5 SRR 5 BE A K R AR S
i, 5 R BN e e R AR T S R v T
e prE b is . Bl W (oxidation induc-
tion time, OIT) 2 K5 I il i 40 T ot i 1) 7 22 4
B o OIT {E BRI, T i (9 A A e ey, 10 &5
LW 4 Fplm T2 fim v 5ol OIT (22 5
1 2% (P<0.05),SPO f OIT #H X 4% &5 , ik 34.30 h,
H Y JE SBEO (27.80 h) , 43 Jill /& HPO #il SCEO )
OIT {E 1) 8.27 f%,6.70 f5 1 3.46 £i5,1.80 £i% .

W 72 0 R P 32 BEAEAE T N P A ——aE K
TR FIK ARG . — M JRE i AR K A A
WAZE AR AR B A — o B RK oy S
T KAEBE IR N S EERE IR VER T e i £
AR KA BERG . 1 b 5% i i B €215 0 il Jo 174 2 2
HWEZ— KBRS SE AT M4
BB TFEEREAY, MEmEE 6, HARS 0

®3 ARIZHBMBTEMNEREHENEEER

Table 3 Differences in the content of lipid concomitant in the production of tiger nut oil by different oil extraction

s A KA 4 SPO HPO SCEO SBEO
% A F 8 /(mg/100 g) 26.85 + 0.66° 26.73 £ 1.57° 24.89 +0.12" 23.59 +0.29"
% % 8/(mg/100 g) 278.59 + 0.77° 240.46 + 4.08" 283.48 + 6.59° 281.26 + 8.31°
%8 /(mg GAE/100g) 16.65 + 0.40° 347 +021° 6.30 + 1.19" 7.96 +0.76"
% M8/ (mgl) 0.42 + 0.06" 0.42 +0.01" 0.25 + 0.00° 1.05 + 0.09°
FATH 5 M/ 34.30 = 1.56* 4.15 = 0.50" 9.9 +0.57 27.80 + 2.55"

W AN RVNE R 3R 28 5 18 35 (P<0.05) .
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H % 100 . % 100

i - b b7

1S 2

g SoF > 50 b b Iy

0.0 0
A B c D B ) € D
B R
Samples Samples

11 :A:SPO;B:HPO;C:SCEO;D:SBEO, AN[Rl/NG Fh: KRk

it Z A7 AR B 25 22 57 P<0.05,

E2 AEIZHESMTFEMPEEMEIENER
Fig.2 Differences in the content of tocopherols

in tiger nut oil prepared by different oil extraction methods

B, FCAE 7R 0T 2 B | B €0 S5 R R 0 Mk B OF
I A I g S AL TR B . AR 3 AT LA 4 BT
TR AR U 22 5 . SPO M HPO g &
WK 2ES ,SCEO F#fR & & i ik, 1M SBEO
NS S AR, N 1.05 mg/g, 297k SCEO Ay 4
o WERRVE N P SR 5 F AR AR 2 CO, T
TR R AR . T RSB T I A CO,
P IE O e A B AT I R i R IE C b
O BB 1 O IR B CO, ZEBUM Y 32 %
(0.051 mg/g) o PMEALSFME AL LI BT 46 26 B
W AR AR BT T 2200 B o b, A R i 5T e
it IR 28.68%, Forb AR I ALG 5 71.20%,
XUk B B AR A T 8 P AT — i i et
2.4 AREIEHIEGHT 2l MR L X 5

SR FH IO 2 [ A A 2 B <00 B P 6 R ] 1228
IR R R M AR oy AT M AT
gEL LR 4 FTs . 4 GC-MS M52 ,4 Fh T2 i B
(R 90 95 K3 ARG 162 RhE R MEY R, AU dE
24 Fh AL PR (RIS ML ZE S MRNERS mEnE 2R it
%) 25 FhESS (19 KR (10 KR (17 FhBE
J5 20 FRERZE 4 FhbE kR s 18 FRAEZE (10 BRI
KR 15 FHEAGY . WE 4 Fs, AR T2
U8 b 0 I e Ve R B TR 13 187.22~
59 184.77 we/kg Z 10, F i B 5 K M Bl o0 ¥4 AT
TR 35 22 57 (P<0.05) . Horp @3 2R¥M BT Y 0.05%~
44.86% 52 0.87%~50.18% 225 4.61%~33.09% .

1 :A:SPO;B.HPO;C:SCEO;D:SBEO., AS[al/NG b RoR 2%
5 3 (P<0.05)

B3 ARIZHBHTERPEHESENESR
Fig.3 Differences in phytosterol content in tiger nut

oil prepared by different oil extraction methods

225 3.33%~19.30% 1k 25 0.22%~13.37% 526
0.19%~12.29% 2 0~7.75%,

241 ZIAZE TEIMVS S PG 2R ok
ML SFZ IR 0, Lk Se ) it E AR T &t kb
FF L BB e R 95 S SPO 2% IR 2R ) A
20 B, 5 E R 44.86% , B X F A R I A A R )
B G 2,5- I ERnk R (17.26%) ,2— W KLk g
(7.64%)F1 2,6 — H FLMLE (5.65%) ., 7€ = i AE H
T R TR LR R & R S A R
AL ZE | L ALk I A 4 PR RO I A ) i Aot
R A o M2 W) T KR HOvE 4r , B RS
Py AR RN R SR AR 2 1F IR A e 32 2 i
JirHE A % R o S Ak APV L R A T R A
SR, TE TR F M T 5 T3 AR i 55 A B0 9
Amh R A 4.419%F0 2.74%

242 FEES MV ISR R MY T 3
Sk C5~C10 [, 4 Z2 50K U5 T AS 10 AR i R 1 [
fiff o T2 0T 1) AU ) A AT 0 K PR i T TR
T IE A MR L R I E IR
ZEIRTE HPO |, BE2R W) T B AH X &5 5224 50.18%
BES THERMmTZ (P<0.05), Hrid @
(16.94% ) & £ fic e, Ho U T W8 (7.70% ) F =
(7.68%) , P 3 302 WV I 5 58 ik 7= 00, e A1
5 A R A SR A R R A W 2 e R
Iy R I A T T L O R R A AR, R R
FROERE R AR AT NG & AL P 22
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Table 4 Types and content of volatile flavor substances in tiger nut oil produced by different processes
SPO HPO SCEO SBEO

2%/ (peglke) GES a2/ (pnglke) Frk 2%/ (pelke) G 4 %/(pgksg) ik
BRI 5931.07 +£390.60" 20 582.85 + 14.95° 5 26.38 + 1.03¢ 1 2133.62+31491" 2
BR % 2553.00 +236.88" 3 2239.62+307.76" 8 1615.58 +212.21° 2 3603.69 +13497" 2
Ak 157594 £39.48° 10 577433+617.79* 18 432.92 + 57.96° 4 1540740 £973.48" 11
BR % 1024.39 + 285.42" 9 231.80 +26.84¢ 7 Nd. 0 3507.00 +242.000 4
EEES 1296.07 + 59.87" 6 1348.11 +49.15" 9 91.94 + 1.46° 2 697041 +430.26" 7
B & 500.52 + 44.25" 5 388.75 + 66.53" 10 99.83 +7.20 2 7921.87+955.44* 9
M e % 109.78 + 16.30 6 56.39 +7.33 3 1594235+ 1142.16" 12 1427.21 £213.68" 4
PR =T 37.08 + 1.11° 1 386.61 +47.54 3 Nd. 0 597026 £282.24* 1
KE Nd. 0 91.29 + 8.06° 3 28945.01 +2706.54* 3236.73 £211.13* 5
re 187.36 + 18.97" 4 188.24 £26.77" 4 1242.79 + 170.25" 8298.00 + 804.18" 6
EaE 13 187.22 11 820.82 48 232.23 59 184.77
A MM 65 69 32 51
GES

TE N AR IR A F/NG 58 378 22 57 2.3 (P<0.05) 5

100

=

0
(=]

(=)
(=]

£
Relative content/%
5
o

I3
(=}

i
Samples
11::A:SPO;B:HPO;C:SCEO;D:SBEO,
4 AEIZHERFTERPELZEDRAL
Fig.4 The proportion of volatile substances in the

preparation of tiger nut oil by different

oil extraction methods
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¥, 7€ SBEO il B 2 MRy i, &kl
26.37% , FARRS & i B e 0O E 28 ) o Ol R
(5.02%) , AW [EEEE strecker FEff =4, A

AT RO A A A SBEO -2
W (4.26% ) )L -2 PE M WE (4.23% ) | T 1%
(3.81%) FH&5 5 (4.04% ) 2 & B B i iy, HXUBg
B, X SBEO A 4 A WU 5 ik 4 K, e HE 2 R
RIRE BE REF NGE W E R, AN
SPO R DN H BRI L A, B s
f AR R | ARRE R SRR AR A A, R VR AL
v KR R —

243 B 4 Rl T2 W A ng kIR S rh 1y
B KR Y SCEO Hiadey) i 2 H &% i
L, Ho P s a-TR M (0.86%)  H BN (1.86%) d—
MG (22.41%) % W1 (0.24%) 5% . d-Hr 1Y
DRV (3] (AR, ELA N A A7 A6 55 B SRR AIE , 7T RS
U5 s G Tt 55 il 1) il 2 S 1 7, 2 X SCEO 3% 14
AR S5 DTk AL R W 0T, T e VR M T EEMS B
90 S 38 VR I B XURR SRR (I R R
M AT), & SCEO MAFFHERMEY i Z —, K,
W AAE SPO FR ARSI H |, X 3k g UK AT — 22 18 i
YEM .
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Table 5 Volatile components, OAV and odor description of tiger nut oil produced by different oil extraction methods

‘ Rk B/ OVA
%% R S8
(ng/kg) SPO HPO SCEO SBEO
Al 2-&HAvkrh FH R KRAE 6 0.84 86.94 Nd. 270.69
A2 2-TEiekvh o eik A A, 8 000 0.01 Nd. Nd. Nd.
A3 2-W ik BBk 1 000 1.01 Nd. Nd. Nd.
A4 2,5-=F hwhk oAk ERR 2 000 1.14 Nd. Nd. Nd.
A5 2,6-=F A%k IBR GEA b T Tk 10 000 0.07 Nd. Nd. Nd.
A6 2,3-=W Ak g 100 1.34 Nd. Nd. Nd.
A7 2-T Ewhk ol 8 4 000 0.04 Nd. Nd. Nd.
A8 2-T I -6-F ik g X 40 2.92 Nd. Nd. Nd.
A9 2-TEA-3-F Ak HERFLA B Rok @ vk 62 0.35 Nd. Nd. Nd.
AI0  2,3,5-= W hubvk B Aok (W Ak 10 39.34 Nd. Nd. Nd.
Al 2-WR-5-TH bk 12 Rk 63 0.71 Nd. Nd. Nd.
A2 2-T Bk IE R ek M Bkek B vk 100 000 0.00 Nd. Nd. Nd.
B1 953 KB R 2.7 54.83 Nd. Nd. Nd.
B2  2-FARE FEFAH 3.4 65.05 Nd. Nd. Nd.
B3 R AFERE BOH 850 Nd. 0.31 Nd. 2.81
B4  2-FWATE 12 R vk 1 163.20 6.78 Nd. Nd.
BS  FREG-FHATH) 1 Rk 10.8 28.78 1.18 Nd. 50.39
B6 R X-2-THEE ket A KRAE 3.1 Nd. 9.21 Nd. 111.75
B7  TE HHERE AE 45 1127  445.07 14.64 160.44
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_ Rk 18/ OVA
%5 IR Ak
(pg/kg) SPO HPO SCEO SBEO
B8 B RAE BERA 260 Nd. 2.52 Nd. 3.43
B9 K, R-2,4-F Bk HAES 5 A 57 Nd. 0.12 Nd. 4.63
B10 R K -2- & Wi MEA& HAE RAE 13 Nd. 18.99 Nd. 192.77
Bll R -2-Ffimt FE BB AL 5 Nd. 40.28 Nd. 503.92
B12 ¥t A3 A 0.7 4451 1297.49 Nd. 1 164.28
BI13  E& A MG A A 3.1 Nd. 293.64 59.36 727.73
Bl4 R X-2-L Mk HA R 66 Nd. 0.88 Nd. Nd.
B15 X W E Az BRA 350 0.04 0.40 0.13 8.49
Bl6 ¥ zmt Aok M E A 4 000 0.01 Nd. Nd. Nd.
B17 HAE A A A 1 Nd. 26.20 Nd. Nd.
B18 R X-2-%KMk Mg A B % Ak 0.3 Nd. 584.62 Nd. Nd.
B19  2,4-% = JfHnk b VE A3 Ak 0.07 Nd. 318.24 Nd. Nd.
B20 2-+—JiEk MAG A 5 A 44 Nd. 1.90 Nd. Nd.
B21  HEEE B, A4k ek 400 1.12 Nd. Nd. Nd.
Cl T=mm ¥ b A 5 000 0.03 Nd. Nd. Nd.
C2  3-FA-2-TH &y i ok 40 5.11 Nd. Nd. Nd.
C3  2-/&FA A& ek 140 Nd. 0.49 Nd. Nd.
C4 2-FMm PN 5 Nd. 5.6 Nd. Nd.
C5  3-FH-2-m A 140 Nd. 0.44 Nd. Nd.
C6 2-% s A A 5 Nd. 2.17 Nd. Nd.
C7 (T Ak Bk 65 Nd. Nd. Nd. 2.50
C8  "kwh iR A 4 36.69 Nd. Nd. Nd.
DI  Z#& B vk 22 000 0.12 0.01 0.07 0.09
D2 TE& Bk ek 500 Nd. 0.1 Nd. Nd.
D3  EMB Bk A RA 3 000 Nd. 0.15 Nd. Nd.
D4  ETEH ok 3 000 Nd. 0.45 Nd. 0.59
D5 k@ ok 22 Nd. 2.69 Nd. Nd.
D6  F@m &3 B vk 5.1 Nd. 7.72 Nd. Nd.
El  2-T# — 150 Nd. Nd. Nd. 7.96
E2  2,3-T=#% — 1000 000  0.00 0.00 Nd. 0.00
E3  EXE & oA nE A 4 000 Nd. 0.05 Nd. Nd.
E4 ETH HERE 250 Nd. 0.95 Nd. 273
ES B JE 3k 100 Nd. 2.63 Nd. Nd.
E6  FB Mk 56 Nd. 2.66 Nd. Nd.
E7  1-F8(FF5) — 100 Nd. 2.82 Nd. 6.82
E8  Xwm ok AR 10 000 Nd. 0.01 Nd. Nd.
E9  o-#ik B KRk | H AT A 330 Nd. Nd. 0.09 Nd.
E10  #8 ok | EHEA 720 0.86 0.01 Nd. Nd.
EIl  5-F 4t BAmek  BAEA 1110 0.12 Nd. Nd. Nd.
F1 T B T B RAEBH 5 7.79 Nd. Nd. 210.56
F2  ETETE R A& 1 Nd. 181.23 Nd. 1052.8
F3 8 Oms BAE R 15 Nd. 3.75 Nd. Nd.
Gl KHiH LM BT A 36 0.67 Nd. Nd. Nd.
G2 1-FRA-(I-FTHRZHK)-1, HEGHF H5 260 0.03 Nd. 0.51 0.45

4-3R T = W (y—# i i )
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(&% 5)
) Rk B/ OVA
%5 0 Ak A ik

(ng/kg) SPO HPO SCEO SBEO
G3 ot FA Aok 2.5 Nd. Nd. 165.04 Nd.
G4 AHH bioks 44.5 Nd. Nd. 20.12 Nd.
G5  B-%M P 140 Nd. Nd. 0.50 Nd.
G6 A EAAH 0.98 Nd. Nd. 319.83  109.73
G7  d-AsHt A A 200 Nd. Nd. 54.04 3.76
G8 T HH A& 34 Nd. Nd. 3.41 Nd.
H1 TR FH ok B R A 29 Nd. 0.97 Nd. 5.50
H2 &4 ERE S A W1 15 Nd. Nd. 17.14 Nd.
I 2-FARAA-THEXD ek Eek | vk 13.30 Nd. Nd. Nd.
2 A-MAARFTRGESRK) HiEk 8 Ek Nd. Nd. Nd. 62.25

VE N 2 A 45— % oA A O 1 4 1 SR 1
26 MITEHXBESHSERT SN
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Fig.5 Principal component scores of tiger nut oil samples
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Table 6 Principal component eigenvalues and variance

contribution rates

IS MR FETRE Rt ETRE%
I 3970321 5439 54.39
2 2248537 30.80 85.19
3 1081143 14.81 100.00

RBRA 7 BA — AR, MXWMERTZES
Py B A T2 A B e R T3 ) O B XU P T A
X 5], H SPO il HPO 2 [a] i 25 %5 it |, i3d I #4
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SBEO fii FAR XA, AIfig 5 HPO (1R A Fl it 4
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Fig.6  Principal component loading diagram of volatile

components in tiger nut oil
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Analysis of the Quality and Flavor of Tiger Nut Oil Produced by Different Qil
Extraction Methods

Deng Shujun'??,  Yang Guoyan®, Liu Jiajie"*?, Zheng Mingming'?, Wan Chuyun"*
('0il Crops Research Institute of the Chinese Academy of Agricultural Sciences, Wuhan 430062
*Wuhan Polytechnic University, Wuhan 430023)
%01l Crops and Lipids Process Technology National & Local Joint Engineering Laboratory, Wuhan 430062)

Abstract Hydraulic pressing (HP), spiral pressing (SP), subcritical butane extraction (SBE), and supercritical CO, ex-
traction (SCE) were used to extract oil from tiger nuts. The effects of four oil extraction methods on the oil yield, physic-
ochemical indicators, and lipid concomitant content of tiger nut oil were systematically compared. The volatile components
of the four types of oil were analyzed by headspace solid—phase microextraction gas chromatography-mass spectrometry.
The results showed that different oil extraction methods significantly impacted tiger nut oil’s oil yield and basic physico-
chemical indicators (P<0.05). SBE had the highest oil yield (31.89%), and the lowest acid value (0.44 mg/g), peroxide
value (0.03x107g/100 g), and water content (0.06 g/100 g) were detected in SCE, SP, and SP oil samples, respectively;
The color of tiger nut oil extracted by SCE and SBE were clearer and more transparent. The content of unsaturated fatty
acid in SCE oil was 49.63 mg/g, which was significantly increased by 3.50%-5.54% (P<0.05) compared with the other
three methods. There were significant differences (P<0.05) in the content of lipid concomitant and oxidative stability a-
mong four tiger nut oil samples (P<0.05). The content of tocopherols (26.85 mg/100 g) and total phenols (16.65 mg
GAE/100 g) in SP oil was the highest, the content of total sterols (283.48 mg/100 g) in SCE oil was the highest, and
the content of phospholipids (1.05 mg/g) in SBE oil was the highest. SP oil exhibits strong oxidative stability, the oxida-
tion induction period was 34.40 hours, which was 1.24 times, 8.27 times, and 6.70 times that of SBE oil, HP oil, and
SCE oil, respectively. A total of 162 volatile compounds were detected in the four oil samples, mainly including hetero-
cyclic compounds, acids, aldehydes, alcohols, ketones, esters, and hydrocarbons. The relative content of heterocyclic
compounds in SP oil was the highest at 44.86%, and the relative content of aldehydes in HP oil and SBE oil was the
highest at 50.18% and 26.03%, respectively, the maximum relative content of benzene compounds in SCE oil was 60.
00%. According to OAV, key flavor compounds were identified for four oil samples, including 16 for SP oil, 23 for HP
oil, 8 for SCE oil, and 22 for SBE oil. Among them, hexanal was the common component; PCA found differences in
the characteristic flavors of four oil samples. The research results can provide a theoretical reference for the development
of tiger nut oil products.

Keywords tiger nut oil; oil extraction methods; lipid concomitant; key flavor compounds



