Journal of Modern Agriculture
Volume 10, 2023, PP. 16-25

Optimization of Preparation of Macadamia Nut
O1l by Supercritical CO, Extraction

Yao Liu, Guang Yang, Jialiag Zhuo, Yufei Chen, Shijun Wu'
School of Gardening and Food, Guangdong Eco-engineering Polytechnic, Guangzhou, Guangdong, 510520, China
Email: 626535349(@qq.com

Abstract

The purpose of this study is to optimize the supercritical CO, extraction process of macadamia nut oil, improve the yield and
quality of macadamia nut oil, and provide reference for the development and utilization of macadamia nut oil products. Single
factor experiment and response surface methodology were used to optimize the process of supercritical CO, extraction of
macadamia nut oil, and the fatty acid composition, polyphenols, squalene, sterol and other active components of hard macadamia
nut oil under the optimal conditions were analyzed by GC/MS, Folin Ciocalteui and other national standard methods. The results
showed that the influence degree of each factor was as follows: extraction temperature (A)>extraction pressure (B)>extraction time
(C); AB, AC and BC had no significant effect on the yield of macadamia nut oil in the interaction terms. The effect of AB, AC and
BC on the yield of macadamia nut oil was AC>BC>AB. The optimum process conditions of Macadamia nut oil obtained by
response surface methodology were as follows: the extraction temperature was 51 °C, the pressure was 28 MPa, and the extraction
time was 2.6 h. Under this condition, the theoretical predicted yield of Macadamia nut oil was 73.35%, and the actual yield was
72.55%. The theoretical predicted value was basically consistent with the actual measured value. Macadamia nut oil was analyzed
by GC/MS and 13 fatty acids were identified, among which oleic acid, palmitoleic acid and palmitic acid were relatively high,
34.572%, 9.001% and 5.876% respectively. The acid value and peroxide value of macadamia nut oil are 0.4 mg/g and 4.13
mmol/kg respectively, which meet the Chinese edible oil standard. The content of sterol, polyphenol and squalene is 0.24 g/100g
and 26.4 respectively p G/g and 37.3 mg/100g. Chlorophyll and vitamin E were not detected. The results of this study can provide
some reference for the subsequent development of macadamia nut oil products.
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I F (Macadamia integrifolia) X2 EBER, J&ILRIREHEM R FEN, IS IR
FE, THERE 70%~80%, HZME— KEETHLEMMEE (palmitoleic acid, POA) HIARARIRR, It
Gb, HRCEEHFEENEBEMZ ML FORRFEED R, RECH2—FERFEEMIhaertml, Hir
RTINS 11 15 23 o AT R R o I N AT A s -1

i DL FRT R U SR PR ) £ T VR VR IR IGE L e S A AR O . AKFIE A R D131, AR AT R A
AKFNE . MR RIS A S A R FE U7 L6 2 B I S, R BRI . eI o TR RR Rk 5
R R 53 S AT XL A0 i, G5 AR B, =R U7 SO A5 IR R R A I SR S R AL IR AR 1Y
T B K P bRUE, AR I T 45 U5 SR e 1900 AN T A0 I T R 1) B R A T TR 1) 2 4 L A R R 7 =T
PPN R S R, RILH B e, A ANEME TR R, Hy s e, st
41 PR MERIRPI T, EBEAFEEI. B MRS 7 A mies), G E R R . s
P R S AN TR R i g U] 8 R % S, R L SR PR ATE PR AT LU, SRR, WUR R
T 5 FIT AN U SR v B e A, MR . ARREHER . VBRI B BN 62.66% 16.75%. 1.47%, S

RN 671.11 pg/mlltel,

H TS AR 0B R S G 7 CO, MU T 2T . AR SR IR 5 COz AEHU A I % FL i i
TR, fERRZREIRFER F, FET Central Composite HCo2H & 5EiHIREE, DL R 5 V45 R Ay i M AR,
IR H A B R DR A T R RS, IR S COy B I R S (R A AR, I
PR S G 0 R 2R ) Rt o0 AR DCERAR A B HEAT T 0 AT, B AR SR R B e i TR R R R
AR .

1 SLWHMB5REZE
1.1 SEEEMR5&&

MR, HETERRBERBARAR; 37 AR FEERR (£E NU-CHEK FxiEY 2
") MBI ARE R SBFRAREY R0 IE Akt FEEAEIEZEAN (i 2l seis R A R
AFD , BRAER RN E AR YR (R g SEI R R A R A F]D AR AN 8 I bR A I
(s B A R A D, WEAREHAR GZBEEAREY RO, - EEEET (R8I
PR R0, EEEE (R BRAFRED RO .

A EEIL (Agilent 7890A) 5 A IEA (LC-20AT) ; HA220-40-11 BLEEIG A CO, B E, 4\
AU E L (Sorvall STI6RThermo) ; #K4Mr e Eit:  (UV-1800) .

1.2 LA
1.2.1 BN R R HAY ZEEY

K —HF =4 L2737, BIRT 50 L FHEE 28 M RO sk 5 kg, FEECGEMERE LT
FIRYERE IR R B R B e . HEME. nEFBRRRERE R, JFE COy i, CO, [IAZIFILEs T
thy AHE, HEERENTRS TN, FBLe b NFERSE, QIR AR eEnt, iR, xfRg
=R RER IR AR AT REEL, COy &4y B IE SAE MY BIE M EH . RFFERAE =ik e m G, M
50 28 PR R FECHE B R R, RS 15 min R EGEIN IR B, B 40 B F AR R SR AR EE AR R
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1.2.2 BEESLEEIT

FEJEAT WA S TH 23 BT 2 BT, 2 J8 et B DR 3R ST 0 326 H OGP IR SR 15 B BE I R 2R, JRA e s
WKV, SLIILE 4 MUK E: FRUE ). RO, R, COr .

(1) FEHUE 7758 B0 % L yh 45 6 1) 5

FEZERUR FEN 45°C, CO, iiE N 20 L/, FEEUEEN 3 h MM, HRAERES (22 MPa. 24
MPa. 26 MPa. 28 MPa. 30 MPa) XBLyH % 5y 45 2 52 1

(2) FEHUR S 1 L0 45 2 1 5 i

fE 1.2.2.1 FIEEIEJI T, CO iiE A 20 L/, ZEHURF N 3 h 5T, BEEERURE (35 °C,
40 °C. 45°C. 50°C. 55°C) XLy HIh 15250

(3) AL R XL 1 Sy 45 26 1) 5 M)

E 1221 MEEAT, 1222 MRERE T, COMEN 20 Lh T, HEARAE (1.0 h.
1.5h. 2.0 hy 2.5h. 3.0 h) PR BRI AF R 520 .

(4) COy Yt F X % TR il 455 11y 52 1)

E 1.22.1 WEREEE AT, 1.222 WE/EEE T, 1.2.2.3 SEFEREEBEZEG T, % CoitE (15
L/h. 20 L/h. 25 L/he 30 L/h 35 L/h) X 9 8 B yett 45 2 A S i

1.2.3 Mo R A A SR 56

JEit Design Expert 13.0 #fF, #£T Central Composite HF 02L& BEiHEEE, DIASHR (YY) AmN{E, &
PRI 1 Fh A5 22 HA 03 R MR 1R R 2 2R A ) B T DR A RS o i IR SR AR T2 %A, IR IEAT BRIE

1.2.4 3B 1R R BE BRERZH AR 434

P BAERBIRA CO FEM T Z, Hil#MmMIBEME GOMS 7 Hr, % FNE TR 2 AL

FESALEE CRWRR R EEAL) = HX 100.00 mg A5 %) 20.00 mL 204 CHFR2HERE) , A 10.00 mL IE2
BEB e, ARSI 100.00 uL SEALER FF VA (100.00 mL HEEH N 11.20 g EEALAT) , 55 L
. HERIES] 1 min J5 5000 r/min 20 5 min, HUE3E 1.00 mL _EAURG

R E: MIES N FID AR AE; ibi:: RO REEE R E e, 100mi0.25mmi0.2um; #EFE
SSE: 270 °C; RMZREAE: 280 °C; FE/FFH: WILRIELEE 100 °C, #F4E 13 min; 100-180°C, Fhiliis =
10 °C/min, f##F 6 min; 180 -200 °C, JHEEZ 1 °C/min, ££F 20 min; 200-230 °C, FHE#EZE 4 °C/min, £
FF 10.5 min; S B it 100:1; BEEEAF: 1.00 uL.

WEJ7iE: WUERIRE R Ak OORYE 37 PRI R H ERAR #E /T2, % (GB 5009.168-2016 £
A AR AEE T IR IS ) AMRIE R E AT
1.2.5 B IR SR 7B MER 7 20 A

(1) BEYFR. & TRIRAEZ: KM Folin - Ciocalteui . FREL 0. 0100 g % & FIRbRUES, iR
AR, AHERSE 100 mL, AR EREA 100 pg/mL. 735 AR HEER 0. 50, 100, 150,
200 250, 300, 350. 400 pL Z|ZIFEEREF, FHARMKMEE 6 mL; FARKKIMA 1 mL FC B EFER. 3
mL 7.5 % NaxCOs; ¥, #5251, BRRE TR BRI BRERES M8 0. 0.50. 1.00. 1.50. 2.00.
2.50. 3.00. 3.50~ 4.00 pg/mL, FEEHELE 2 h, 7E 76 nm K FIEBOGE. DU E TR RERE i
AR, Ko NI AR S DA A B ST AR I 2%
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Z IR Ty S s I E X AN [FIAR R 43 (R ZE OGR4 I 50 pL B8 2 A b, FHZSTRAKRR 2
F) 6 mL, FHF A 1 mL FC & A7, 3 mL7.5 % NayCOs E . #2725, HIRME R 2 h, £ 765 nm [l
SEMGRE o AR 285K X B B B IR B, LA TR T o

(2) fads . K HRBOEIMN IS S 2 g(FsHE] 0.0001 g)F 250 mL BE LB, A 50 mL1 mol/L &
FALHR- SRV, (R SOCCIEIR KM, [FIREAR ML 50 min J&, AHZEER, K2 BHEEE 250 mL
SRR, IANIE GRS, F 930 2 min JEHE 10 min, ERBDEE, B EEEVMHERE R —H 250
mL MR S, T ERAGE R SN 30 20 mL IE A E 2 %, # 3 Wk EEAHUEIRER & I TR —
SR, BRI 30 mL 10% 1) S B RBe A U 2 i, 285 B /KB BRI 22 Rk 4, 1
40 °CARM TG e A R 2T, e HIECRIBEMIFERSE 10 mL, i 0.45 pm AHLIEMRE, A A%
ME

(3) YIS I K2 FREGEN R 2 gCR i E] 0.0001 g)F) 50 mL HERERAH, WM 20 mL B
B, AEFEANEE 40 min, FIREORE, DUREEE ARG, i 0.22 um BEMEEIE, R OB ity gk AT e .

(4) Mgz, #% (SN/T 0801.21-2001 i3 MBI EYIMM AR SR Rk 38 J775) ME M2 &= 5 &

(5) VE. #% (GB 5009.82-2016 /&4 EEbrE &M P4EEZR AL D EMllE) MEd4dR E &

=]

Ho
1.2.6 Bt

% (GB 5009.229-2016 £ kit % 4 [H Z A & b P ERAN I E ) ¥ 1 7048 7 71130 2 L E AT
1.2.7 3HEHE

1% (GB 5009.227-2016 £ &% 4= [H bR e b bk S AR I e ) T e v E AT, B A B G B
NHEATIE, AT RERE G NS K
1.3 BIRA TSI

KH Excel 2010 #F3t47 8085 73 M7, GraphPad Prism 8, Design-Expert 13 BA4H-EH .
2 HER5THE
2.1 BREZRESW
2.1.1 ZEEYE F1 58 M IR BB S 15 R AV 2 1

ERBURE N 45°C, COy &N 20 L/h, ZEEUNTEA 3 h I, HEEREHE 5 i 12 S uh 5 3 1)
o, SR AR, BEEARIUE RGN, RN RIS R N, (IR TR R R, SRR
VB FEITE 14.29%~58.10% 2 [0] . AT BE Ji DR & 24 A% B )5 i 26 A% B 35 o B o U SR v 1140 9 oo P38 A A s ) 9
BUREL MFRUE JITE 22-28MPa Y5 RIS, B 2 5 v 1R ¥ fifdas 2 I 0 s a3 m, A R i I B v
A, HAERE KT 28MPa B, AJRINY BELRECZ R M, MR 7 MR B i 2R . A TF R P
M7 fE G AH%RE, RPFREIUE N 26MPa £ 4 .
2.1.2 ZEHLGE FE SR IR B h S RN

TERUE /18 26MPa. COp it & A 20 L/hy FEHUEFEA 3 h IS, 582 HUR X B R S vl 15
PIsem . S5REE 2 B, BMEEFRBUR PN, SN R 43R 2R s PR s, fERERURE N
50°CHt, MU B /5 R, BEERURE N 35 CCHITRTT T 13.43%. (EREBGEFET, IR R0 AR
A5 J R P RN AR 185 B, AR B A% P i SR S 2 (M AF AR5 IEAH G, 1B 35-50°C 2 [AlR), BEE G 1T &,
TR B A o P 18 0, A R T N R B AR TR SRS 2 A A O, BT
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50°CH}, FEEIRERFE, MARKIEREERK, WM TR, Wl 2 R m KA. Z258%5E,
EPERERCE E N 45°C i Aq .

80.0 80.0
60.0 60.0
¥ - ¥ -
s 40.0 s 40.0
w w
20.0 20.0
0.0- 0.0-
22 24 26 28 30 35 40 45 50 S5
J£73( MPa) I (°C)
& 1 ZEEUE SR MR RS R R [ 2 ZERR R XHEMN IR SRS R AR 0

2.1.3 Z= AT ] 3o 3 5 IR B S 15 R p 22 Ml

EAEIE N 26MPa. CO, it E A 20 L/h. FEHURE N 45°CHIZA R, 25 SRR T (8] X L 1% 5 45
Kgsem. SR E 3 frn, BEE ZEEURE RN, R IR AR R Gk TR, EREEUECA 3 h
B, FMRIA R RAE, BAAHUNTE N 1 h B3 THRAN 107.29%. G558, ERFAIUN AN 2 h 4,
2.1.4 COy i E X B R RS R py 20

TEAEUE /18 26MPa. FEHUR N 45°C. RS RN 2 h FISEET, %L CO, it & X i 1% SRyl 15 %
sm. S5 E 4 Fis, BEE COy M E MBI, R R AR e n/Eéa T i, (HRTF R
%, EVRE N 30 L/h A1 35 L/h IR, B CO &N 15 L/h HIHRTFREN 11.03%, (H B 515 R ik
AR LEAEFHRE, P COMEN25 LM AL

80.0- 80.0-
60.0 60.0-
3% | B _
% 40.0 £ 400
20.0 20.0-
0.0- 0.0-

1 15 2 25 3 15 20 25 30 35

i A (h) CO, i f(L/h)
3 ZEERATE) 3R IR SR S R AR 4 CO2 FREXTBM IR B sh1S FRAF2M

2.2 Mo ESEMRAL LS
2.2.1 Mo R EEMR AL LGt REER

PR R IR 2 R, R AR HUREE . ZEHUE AR (]2 3 AN EZERIE, KA Central Composite H
OHAWRI R, aMRHE, DURMEBERMEER ¥ Nfets, STz R R 5 2 f 30T 23T
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1, BRIZRAKCE Rgmidngk 1 fras. ma et alie it S &5 R WER 2, FExhmm 57 i 3o 347 07 2 ot (GR
30, FINXAERCRE (A « 2R (B)  ZEUE] (C) =R T BB R S 2 AT BH LS
B E A H RN Y=-730.0651+12.4597xA+31.2798xB+21.1553xC-0.0158x AxB-0.5407xAxC+1.3241xBxC-
0.1061xA21-0.568xB2-6.5332x (2

*® 1 ARKFRRE

7K A: ZERURE (°O) B: ZHUEJ] (MPa) C: ZEOUE (h
2 35 22 1

-1 40 24 1.5

0 45 26 2

1 50 28 2.5

2 55 30 3

=2 M EAREIRIT S ER

s FHCRE (°C) W) (MPa) ZHLTE] (h) FhE (%)
1 45 26 3 63.11
2 45 26 2 62.97
3 45 26 2 62.98
4 45 26 2 62.94
5 50 24 15 5542
6 45 26 2 6291
7 35 26 2 38.08
8 40 24 15 42.17
9 55 26 2 66.55
10 45 26 1 49.67
11 50 26 25 69.67
12 45 30 2 68.75
13 50 28 25 68.75
14 40 28 1.5 50.12
15 40 26 2.5 50.42
16 45 26 2 62.97
17 45 22 2 3835
18 45 26 2 6327
19 50 28 15 70.58
20 40 28 25 65.42

3 MORLE S E 5 R

AR S KR il H g By FAE PE
HiRY 1960.10 9 217.79 2476 <0.0001
A 769.18 1 769.18 87.46 <0.0001
B 667.34 1 667.34 75.88 <0.0001
C 94.83 1 94.83 10.78 0.0082
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AB 0.13 1 0.1316 0.0150 0.9051

AC 13.35 1 13.35 1.52 0.2462
BC 8.82 1 8.82 1.00 0.3403
A2 174.44 1 174.44 19.84 0.0012
B2 129.92 1 129.92 1477 0.0032
2 66.16 1 66.16 7.52 0.0207
B2 87.94 10 8.79

RAUT 87.86 5 17.57 1015.30 <0.0001
a7 0.0865 5 0.0173

M7 2048.04 19

R?=0.9571 R%,4=0.9184

E: 0.01<P<0.05 RREEMESR, 0.01<P<0.05; P<0.0l RT-REEZES

& 2 M8 dE T &n, FIA Design-Expert 13 {453 8RS AL 2 2, X 40 WA 156 45 21 (1 452 8 41
BT, RIGLERTTEE, AT DL i A% B R i 1 S A3 R AT o0 fr . TR

—XTL A\ By C XEZEA VAR RO B3, SRR MM IKI: FRRE (A >FERUES
(B) >ZHU[E] (C) ; ZHIH AB. AC Al BC X PR FIMAF R KA WEFM, AB. AC F1 BC X
U2 IR R I AC>BC>AB.

2.2.2 NN ERZEER S,

i3d Design-Expert 13.0 BAF b 45 210 5 1 i i B, e aeond % AN R R 2 IR A2 T2 3EAT 1 208 o i
J2 T P T £ 58 0 R PS8 T S R 2% DR 30 IR 8 R it A5 R (K O o 45 T 2 B FS IR T AR A R 2 ) 1 5 LA
MRS RE, WHRESLFRRRZE OO EE, BIESES L2 NR Y BOE 3 50,

MIEL 5w 82T FR R U A2 E W At IR AT s e R e SR il A5 R R AL, B IR AN 0
T, BN R AT R RS s NS 2R AT DL IS ) e 5 2 1] R A8 T AR e, A ot S U2 R
BRMZEAEAARE,

(%)

29
00006202000

|

>

Q) 22735
E 5 BREFMENNRZEERNFESL I
HE 6 AT, TEARZKSF 26 4F T BEAE i B AR (R A 3G, RN IR S 5 53 e N, 7E =K, iR
J55 AT () P 4k SR 38 I, SN R S A5 A R PR 2E 1 3 T R U SRV 45 26 (1) 5 e R WL M IR B > I (] 5
MNEE 2R AT DU H R R R ] 32 AR AN B3 .

S °C)
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BhE%)

B (%)
A 8] (h)

I °C)

E 6 REMEEMNRZ EEAMES LI
M7 AT, B R S 15 256 B o BT TR g P38 T v, R R YR 38 SR - 1 5 Ak SR A
s NS 2T LLEDWHE H I IR 5 R /e AR A R 23 .
223 BUNBRMEN T ZLHMAE
FIF Design-Expert 13 #fF, HRIRMACT A W 51°C. JE77 28 MPa. B[] 2.6 h, TlfHH= A

73.35%.
(%)

HUJ&VIP&)

& 7 EAFET B AZ EERMFSE O
2.2.4 BMNRRAZENM T Z & HWIE
FEURE 51°C. Ji /) 28 MPa. I[E] 2.6 h FImAAL&AF T, 24T 7 PIHRE SYEIRIE S, 45 R IEE 3, WM
RS (P 132N 72.55%, 5 MG AR W& BB ILMERAT .
4 MBS & THRIEIIE

iH R (0 &7 (MPa) 18] Ch) M E (%)
Ha Jo7 T R 51 28 2.6 7335
] I THT S B A 51 28 2.6 72.55

2.3 GEGNIR B hm RS
W& B 7 e S MR I R & B A As ., i AR VR v T AR 7 FR 45 i B AR 4R b 2 — 1170, IR

I &

124
M Anid B e ARG R — R E T, PRI B SR AT B BR i A A B R — s B A A
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TEAR SEBG B R BC 7 26 A N 5 A5 A 1 SRy R A At S A M 43 38 0.4 mg/g. 4.13 mmolkg, fFERES®
FAMbRAE . S BRI AR AE TR N 0 —Fh B L RARTE DI, |2 AP T8 R, BERGM
PUEALAE R, AT PUR B R ] B AT e S 08, 2 ey — ﬁ&ﬁﬁ%,hﬁﬁﬁmﬁﬁwﬂ,ﬁﬁm
% PLANEZMAERDIRM, MEFEE RENTAMEE, SAEK. REEDH, FHEARGRP
A VR TR TV R T B i Bt i S AT Ml A 200 Ei%%%%MET,@M%%E$“ . 2
BIGEED NN 0.24 g/100g. 26.4 pg/g #137.3 mg/100g. Ao, FEASLIGZMT, HEgRMESRK EWAD
I RAGH

= 5 MR R R

v B2 A E s o £ £ &
P (mg/g) (mmol/g) HRR AL E (g/100g) (pglg) (mg/100g)
% B A9 0.44 4.13 - - 0.24 264 373

I S CO2 ZEHUHIIMRPN ER 4 GOMS 70 #fr, L%l 13 MARNTIR, 45 RN 6, Hyhiig. Frt
TR AFHEIR & BT &, AN 34.572% 9.001%A1 5.876% . A WFFLRI, & F % 5905 B A i
JE o FRAR AT IE [ A B 78, e R b ks AR AL« AR S AL R AR T B, X 5 R U SR v e
FR AR TR R R AT — e ok R 2122,

7= 6 UM R SRR FRBRLE AR A

JHig 17 R fRT PR Jig W7 R LA FR (A AT EE (%)
C12:0 += ) R AR 0.025
C14:0 T ) B G WEER 0.289
C16:0 RANCT PN 7 WRETR . ARHHIR 5.876
Cl16:1n7 JIGi-9-~ 75Tk -4 FRARE R 9.001
Cl17:1n7 J5-10-—+ K -JARH R - 0.033
C180 R WANC TN i 3.454
C18:1n9c -9~ ) \Te-Hei P THFR 34.572
C18:2n6¢ I, I5E-9,12-+ )\B )R IR 0.795
€200 — B BB AR 2.195
C20:1 Jigi 11- =478 - 0.052
C18:3n3 I, 3, 53-9,1 2,1 5-+ )\ B = 4R o- U H PR 1.154
C22:0 By a7 th#7BR 0.420
C20:5n3 JiR-5,8,11,14,17 — 5k HIFR EPA 0.172
3 Z5ip

AT TR W B DAL 1 I 7 COL RN IR T2, #5E 7 SR B ZBUREZ Y 51 °C,
LTI 28 MPa, FEEURIEIN 2.6 ho FEULARAETT, PR MG RN 72.55%, SERTMEHEA—
. GC/MS 73 M4l KA TN U R rp 2 AR B2 TR« AR R R . BRI IR, ANV IR R & Sy
AT $5 HCFR) R 12 R ey 60 A 7 P 2L B AL S PT R, N 8 SR 2 — AR R R W R D me kg, R
AT R BT AR5 o

S 30 Hk
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