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Optimization of Vacuum Frying Process and Quality Analysis of
Macadamia Kernels by Response Surface Methodology

HUANG Kechang, GUO Gangjun’, MA Shangxuan, FU Jiarong, XU Wenting, WEI Yuanmiao,
YANG Yuexue, HE Xiyong"

(Yunnan Institute of Tropical Crops, Yunnan Macadamia Agricultural Engineering Research Center,
Jinghong 666100, China)

Abstract: Vacuum-fried products were prepared with macadamia kernels as raw material. Single factor experiment and
response surface Box-Behnken test were used to optimize the vacuum frying process of macadamia kernels. Oil content,
acid value, peroxidation value, color difference and sensory quality of vacuum-fried kernel were determined by comparing
with raw kernel. The results showed that the effects of freezing temperature, vacuum frying temperature, vacuum frying
time and vacuum degree on taste and flavor quality of macadamia kernels were significantly different (P<0.01). The
optimum conditions for vacuum frying of macadamia kernels were as follows: Freezing temperature —24 °C, vacuum frying
temperature 113 °C, vacuum frying time 58 min, vacuum degree —0.095 MPa. Macadamia kernels were rich in flavor, crisp
and delicious, and the sensory score reached 95.90 points. Acid value and peroxide value were 0.23 mg/g and 0.14 g/100 g
respectively, which were in the low level and met the standard of LY/T 1963-2018. Therefore, the vacuum frying process
significantly improved the quality of macadamia kernels.

Key words: macadamia kernels; vacuum frying; response surface methodology; process optimization; quality analysis

RS EHEE: 2023-05-10
HEWMB: =84 EXxAHEMx (202202AE090006 ) ; & d4 2 Bt 1R = e AHAFRE (202104B1090004 ) 5 = d 4 Ao A3 el 9k A ik &
TR (RF2023-15) 5 & s B RAITA 3553 SR B IR0 F; “SCR3E+ LRHR7T B 295 38, TR M “M3EF LA = Rl 3AF R E
TEE®IN: #23 (1970-) , B, A% QB R, AFEF @1: K% Fom T SR 424), E-mail: huangkechang@sina.com.,
* RIS FFRE (1980-) , B, 4+, B R, AR 61 R dede Lt & X K 7= $3IR % 5 5 2 4, E-mail: guogangjun2001@126.com.
WEF (1973—) , B, 84, R R, AR 61 i BRAR BT TR AP B HIFBA e = L 2551 7, E-mail: heda0691@163.com.,


https://doi.org/10.13386/j.issn1002-0306.2023050079
https://doi.org/10.13386/j.issn1002-0306.2023050079
https://doi.org/10.13386/j.issn1002-0306.2023050079
mailto:huangkechang@sina.com
mailto:guogangjun2001@126.com
mailto:heda0691@163.com

- 198 - B Tk B4 2024 4F 3 H
WU & SR (Macadamia spp.) J2& 11 JEHR B} (Pro- NS
teaceae) YRR JE (Macadamia F. Muell.) 22445 VC-500 B B2 yhyENL B iE B VLA
LRI, TR TR ISR B 22 AR R S A RE B R = BRZS 7] BCD-610W vKFE S VEAE K HEB IR A RA
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< BPHAFIPUJI], 2020 AFARFPFETHA 26.61 7 hm?,
Hrp Z A E A 23.53 77 hm?, (54 FER 88.43%,
AR 53.87%, Hr e R = 7.50 U7 ¢ B, IR IR
A EFRFE, BT & ik 75%, Rl A
FHEWT & 59%5 1, ioKAL-&H) 14% . T 8%, LA
MAETLEEE B, 5 B, Mih. &k B0 R, 2
B PR 1 SR T[S i 7 L 751 st A 58 B i 2 1
(LDL) [y 7K, FH ARG AU I 4595005 1 XU ), BEAT
LTI Pe P A, AN LA 5 | JEDRE AIINLAR S5 &
S

W EIMPERTE 120~200 °C BYIRE T, & reah
T R A R AL AR A, S 2RO Z T 25
R PR H R IRE B A AR i ) i e, 2
Sy DV O | AR A SRR U, s ax kK
JEEAE « CM IR . BB L OWE PRSI A5E95008 1) SRS
JLEM, Bas e =AM RS T, KT 50 Torr
(6.65 kPa) [ H.Z5 JE T, &b E S R Ge b Uk Tl kE
KRR LA I REZEAIRIR (90~120 °C) FIK
S EY R T, RER Ik EE e Fie S
o, Y I K B TR DS IR IR T T, v B
X I I S RN TR Y, YRR L R e SR A R
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JiRlz =221,
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TR FEAR D Ry T 25 A 8 e SR v BRI
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A IR A N I SR LS RS, ik B PR A
W I Box-Behnken iR 56X Hothil & T. 2 47004k, %
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TR SRS N T L) A S E A= S R 222, #
AN IR IR A P ST R T RERT a4, BhfEAny™
TP IR FL =MV 1 KR
1 MRERE
1.1 MRS

RN IR (2022 4F 9 AR PEXURIN =
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INTL KPR . TOKERREN AT XU ATt
FABRAE]; &I RS E25ER N bER
T BRL A sy i EiaR A BRA F; =44
e gl TA RA L ffCmmRey R
T BOE 2T BRAS F; LB 5P EE . A ik
(30~60 °C) . MIEMETERY . BiEK VU RLE B FR

H); BGZ-240 fHil THAE BRI A BRAH
BRIT 45T B-811 AR Wi $R B & 1- BUCHI 2%
A]; CNMR-1000 RGP FrmElE  RIURHE
Bl E A R TTAT 2 7 NS800 # 3nh 436 (A IR
Y =B ERHEA R A A

1.2 SLWHE

1.2.1 EZWHIETZE ZSHBRIESEP ik, &
RIS S, B ELAS T KETR Y I SRR AR T
ERERR: R TR R — E AT E— IR
T — T . BRAEZE S B SE S RN IR SR R A
40 °C 4 h—50 °C 4 h—60 C 4 h FHEITXTF, THRE
BIKE 1.5%, $%1E GB 5009.3-201 64 & 5 22 4= [ 52
FrdE B TR S a I e Y i T A T AR A KR
MR, A B TF—24 °C BIUKFE A 24 h, fRR
J& FE H. %5 B —0.09 MPa, JHAEVRBEE 110 °C. B [H]
50 min MZ&1F R ke 2= RPN AMaEE 5)—3K, iR
H 5] RERAN A, BRMETT 11, #RJ5 400 r/min B0
A1 5 min, BRI a5 .

1.2.2 FLASTHAERIN R AR R R S0 BEEY
URIERE | JIKEIREE | JMKERS TRl B2 B 4 AR
ATHAR R S50

1.2.2.1 AERIEBEXT B2 K B IR SR BE 5
RIS RETAETRE 110 °C, JMKERTE] 50 min,
MHEFLAS BE—0.09 MPa, BERURIEE 6. —12. —18,
—24. —30 °C R IRREEE S r S,
1.2.2.2  JHKEIREEXF B 45 v K ] U SR SRR
FIRSEmE R IR 24 °C, JHXERTE] 50 min,
JFE B ZS B —0.09 MPa, £ ETRE 80, 90, 100,
110, 120 °C X MR B S BE f BT A 52 ) o
1.2.2.3 Sl KERS 0T LA T KR S U SR IR B R
JREGFEI BB RIS —24 °C, MKEIRE 110 °C,
V1 FE .25 5 -0.09 MPa, £ KERTE] 20, 30, 40,
50, 60 min X PR U HE LA BB A BT AR R o

1.2.2.4 K BLAS X LA T E RN I SR SRR
ah BT Y SZ I B E VR R I EE 24 °C, Tl KE IR BE
110 °C, yM¥EBS1A] 50 min, 2% 2Ll 4 H 25 BF—0.06.
—0.07. —0.08, —0.09., —0.1 MPa X JH Y 1% 5 A~ gk
B R R2

1.2.3  EAS Yl KRR U SR SR g ) ) T G Ak 3
FEPA P RSBy 3L al b, DI RIEE (A) . IKER
BE(B) . KERTE] (C) FIVMFEEAS BE (D) Sy F A 5, AR
& Box-Behnken A5 i 56 5% 11 IR B, LUERE PF 4
CY) Ry AR, w47 DU PRI 38 = /K SF 7 ik as:, fefk
PRI S = Kl D S e~ ML T VAT PS v o
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Table 1 Factors and levels of Box-Behnken response
surface test
ES
A AWRVRIREE  BUMEREE  CuitERME D U
(C) (C) (min) (MPa)
! -18 100 40 —0.08
0 —24 110 50 —-0.09
1 =30 120 60 —-0.1

1.2.4 BYETFM IR S8R GB/T 29605-2013KEE
SyBT BT AR RCE BT R S 0] )BT RN =2 N 4
SRS O A TIE R, R 10 SR BRI TIRE
PR, BB PR IR bR AL FE: (uiEE . FER . UM
Hb 4 FERR, £FEER53 5] 0 30, 30, 20, 20 43, 53
100 47, PP N A 3T 43 fe BOP A {E S T R g i t, 37
SIPREDLER 2,

F 2 EAS TR R R T A bR
Table 2 Sensory evaluation standard of vacuum fried
macadamia kernels
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1.3 B

Brim b BR Kz 4387 5% FH IBM SPSS Statistics 25.0,
FRLH LI E 3 K, P<0.05 25 B3, P<0.01 225
e § 25 i) 7 TR 2 T B 45 3R 0 M >R ] Design-
Expert 13 %cf4:; JH Origin2021 25 B4kt Se ik 4%
2 FBR59Hh
2.1 BREARSIEHERSR
2.1.1 R URIEEEXT BLAs Yl KE W U HR SR Y A
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Fig.1 Effect of freezing temperature on sensory quality of
macadamia kernels
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FH A 1 AT, N e SR SR B PR A Bl R R
RE TR BT, il B S H )5 AR AR
AF . HE—6 °C F—18 C [AIFE A R R AW TR
TURE PR AT T, SRR 24 °C B 3EAR
IRF I (E (95.4 43) o Tk SCEEEEPY P, TR RIS
DU, UKl SR AR AR IRI B T e, B AR B,
LN 7K S ASWRS MR TR FE, K AR AR I R,
BER RS S 9 At A0 NI BT 0737 NRE- Y 0 WE S S 2 5
s TEX AT R 0 R (BRI : —18~—30 °C, &
HREE I []: 0.5~2 h), VK ARTEAI L AR E 5007
Z ISR, LKAV, HELPIRK A AN T B,
AR T IR LR S, B BB PR ik f i o
I, VERRR URIRRE—24 °C Ay HLA5 Tl KESLIN I SR
D VAT N a2 S =l G
2.1.2  ELASJHE EEE X T  SRSR R E  TR R R
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Fig.2 Effect of vacuum frying temperature on sensory quality
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of macadamia kernels

BV raers, HAE N 94.8 43 VEIREE SR, S
IR SRR RSy S i AH R R i, R e ARk, 7= AR
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110 °C B, 7 adUE i 7K 58 B, B R R R Y
SRR, MG M DAk ST, R A L ASHE (T,
R Sy Rk, BEBGMAEIRE 110 C S E=S
Rt P RTINS S S ol ATATR W a5 WO 2 o L

2.1.3  EASIMKERT TR e SR AR B S R A R
Mg Y KERST X ELES RN R R AR B Y
S LI 3.

110+

100
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Fig.3 Effect of vacuum frying time on sensory quality of
macadamia kernels
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SETMKERTHI K S Pus 28 24, 8 P4 T, 124
KRG B TE AR R Z )T, BB Pk B, BEE S ]
AL, SO0 TR, IR OE 2IER, BRE RSy
TR, B, PEBGHMAERTE] 50 min S ELAS THKE BRI
I SR IR 37 TS R KA
2.1.4  ELA5EXTRYN RS SE SRS B
& 4 AT, P b SRR AR P4 B LS R
FSEEER LT, M E A A F35-0.09 MPa B, BB P
SrEe i (92.8 43), Z IR BB VEA TR A 712 T A
o EASEEATE R PSR A Z2F LA 4, (o H 1 JEkER
e, B BLES BN T, KOS e TR,
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Fig.4 Effect of vacuum degree on sensory quality of
macadamia kernels

2.2 MR ERIEHZER S

R Box-Behnken i1 FUHHE, 76 PR 2K S296 119
Feh b, DI VRIEEE | BLAS KRR | EAs T RER A
FNEZS DU 2 AR B, BB PRS- i NAE, £
S b ] (O S S T VAT A v = W o R E 2" o A T BTV
BN 3, 3 27 AREG A, Horb 24 A AT
55, 3 AR Ee FH LA R 2E
2.2.1 IOEER EASTHERIN R E " Box-Behn-
ken IS R IR B PS5 AL 0L 3.

2% 3  Box-Behnken it 5651 A 45 R

Table 3 Box-Behnken experimental design and results

S ARRIEE BIKEIRE CHVERTE DEZSE YEEIES(45)

1 -1 -1 0 0 90.40
2 1 -1 0 0 91.30
3 -1 1 0 0 93.90
4 1 1 0 0 88.70
5 0 0 -1 -1 92.60
6 0 0 1 -1 92.80
7 0 0 -1 1 87.40
8 0 0 1 1 96.00
9 -1 0 0 -1 90.10
10 1 0 0 -1 94.90
11 -1 0 0 1 94.80
12 1 0 0 1 89.20
13 0 -1 -1 0 87.60
14 0 1 -1 0 89.60
15 0 -1 1 0 94.40
16 0 1 1 0 95.10
17 -1 0 -1 0 89.50
18 1 0 -1 0 85.70
19 -1 0 1 0 93.80
20 1 0 1 0 94.20
21 0 -1 0 -1 91.90
22 0 1 0 -1 93.40
23 0 -1 0 1 93.70
24 0 1 0 1 91.80
25 0 0 0 0 96.30
26 0 0 0 0 95.20
27 0 0 0 0 95.70
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2.2.2 FREBVEESE K TT 22000 AR B E a5 A
FORETVESY Y B kWA AR A
Y=95.73+0.7083A+0.2667B+2.83C+0.2333D+
1.53AB—1.05AC—2.06AD—0.3250BC+0.8500BD—
2.10CD-2.59A*~1.93B’>-2.31C*~1.07D?,
XS IRRLIEAT 7 22008, 28R IR 4.

R4 HASMKERN BRI E TR 5 22
IIMTEs R
Table 4 Analysis of variance results of sensory score of
vacuum fried macadamia kernels

FrERIE EHM HmE Hr FlA PH  BEMH
i sil 217.02 14 1550  27.01  <0.0001 o
A 6.02 1 6.02 1049  0.0071 o
B 0.8533 1 0.8533 149  0.2461
C 95.77 1 9577  166.85 <0.0001 o
D 0.6533 1 0.6533  1.14 03070
AB 9.30 1 930 1621  0.0017 o
AC 4.41 1 441 7.68  0.0169 *
AD 27.04 1 27.04  47.11  <0.0001 o
BC 0.4225 1 0.4225 0.7361  0.4077
BD 2.89 1 2.89 5.04  0.0445 *
CD 17.64 1 17.64 3073 0.0001 ok
A? 35.71 1 3571 6221  <0.0001 ok
B? 19.76 1 19.76 3443  <0.0001 o
c? 28.52 1 28.52  49.69  <0.0001 ok
D? 6.16 1 6.16  10.74  0.0066 ok
G2 6.89 12 0.5740
SR 6.28 10 0.6281  2.07 03694 AW
4iR%E  0.6067 2 0.3033
BB 22391 26

xRN B3 (P<0.05), **FI/R 25 54T 3 (P<0.01); R7=0.9692,
R’,;=0.9334,

2 4 AT, EIHERI P<0.0001, 22 E I
Sy AAR R Z A OC R B, R LIR 22T
P>0.05, AN, ULBHIZ AL RNR Z XT3/, L6 5
by, AT FHIZ A D FR A G AT . AR P ZR AL
R’=0.9692, FBHZ [0l )3 77 #5006 45 TR HAT 541
HIABE, T HIZ T RPN B E - S8 URIEE | ThKE
TR KERHRI AN B S 2 R 6 R . IR IEPLE R

95.8
94.5
93.2
91.9
90.6
89.2

(CYRERY/RITYE SR PN Y-S

R, 5=0.9334, FWZ A J7 R A T Ay, SCPR
-5 W EAAFER 225 BB PRSI, 7ET
ey QR RS P N Bl P I = b U 2 2 S s A = S R 3 N
R W 4350 S O KE I 18] >A (VR VR TR )
>BHKERED)>D(EAS B . Hirp— kI A C, 28 H.
Iji AB. AD. CD, JKI A%, B?, C?, D? XL IR
SAT BB SE R 35 (P<0.01); 32 HIR AC 1 BD X
TN M SR SRR R ) . 35 (P<0.05) 5 — IR I B
D FIZEHIjT BC Xy IR SRR B B R A 3 (P>
0.05),
2.2.3 WA TEST A5 P AS AR R RN R SR
A BB PEST i R T LKL 5

] 37 T = 24 P i AP 25 v £ (R eSS 58 i L U b
FEAC H IR EBIWAHEAEN . @ik EDE T RDE
Wi ) TSR V-2, D PSS AR AN B35 I 2, 25k
VIR s T 10, i 7 T 3 2 I i , 158 A 22 B AR FH
#. Kl 5(a) . B 5(b) . &l 5(c) « &l 5(e)FIE 5(0)
T, SR LR AR S IR AR T, w7 T BE I, 2
B AB(BURIEE SIHKEIREE) . ACGA IR SihKE
BHED . ADGRARIRE S EAS ) BDOMERE 5B
25 FE) A1 CDGHKERTR] 5 BAs ) 2Z 1A i 3558 HAE
JH, XTI R SRR S PSR . &l S(d)
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Table 5 Quality comparison of vacuum fried macadamia

kernels

Eiztan JERHRA FLESTAERA
TIKHE(%) 1.57+0.04* 0.73+0.05°
Tl (%) 75.64+0.67" 74.50+0.58°
R (mg/g) 0.20£0.03" 0.23+0.03°
AR AE (g/100 g) 0.12+0.03" 0.14+0.03°
L'H 76.37+3.73 74.76+2.66
a'll 2.13+0.73° 2.62+0.95°
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{7 28.93+0.42° 28.2340.45°
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BE S (4)) S 7.67+0.55° 19.33+0.38*
Jiis: 17.43+0.47* 18.67+0.55°
Js¥ix 62.73+0.68° 95.90+0.10*
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BN A MR 2 R (P<0.01),
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