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Abstract: In order to evaluate scientifically the differences in the flavor of macadamia nuts dried with different methods, electronic tongue
and electronic nose sensory technologies combined with gas chromatography-mass spectrometry (GC-MS) were used to analyze their flavor
quality. The results showed that there were significant differences between fresh macadamia nuts and different dried macadamia nuts in umami,
salty, sour and bitter tastes, and the cumulative contribution rate of the first two principal components of linear discriminant analysis (LDA) was
96.60%, which could distinguish completely macadamia nuts dried in different ways. The responses of the electronic nose to macadamia nuts
processed differently differed significantly. The cumulative contribution rate of the first two principal components in principal component
analysis (PCA) reached 98.79%, which could well distinguish the volatile flavor compounds of the macadamia nuts dried by different
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treatments. The sensors W1S, W3S and W3C played major roles in the principal component analysis. As a supplement to the electronic nose,

GC-MS identified a total of 227 volatile components, with alkanes and aldehydes being dominant in types and contents. The relative contents of

alkanes in the four different treatments of macadamia nuts were 26.29%, 40.76%, 23.64% and 39.46%, respectively, and the relative contents of

aldehydes were 29.01%, 18.96%, 26.03% and 23.87%, respectively. Therefore, the combination of electronic tongue, electronic nose and

GC-MS can better distinguish macadamia nuts dried with different methods, thereby providing a theoretical reference for postharvest primary

processing of macadamia nuts in growing regions.
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Table 1 Performance description of electronic nose sensors
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Table 2 Different drying methods for Macadamia nuts
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Fig.1 PCA analysis of electronic tongue
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Fig.2 LDA analysis of electronic tongue
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Table 3 Electronic tongue analysis response for macadamia nut kernels with different treatments

FNCPS: Sfek R Eok AN HoR
1 20.66£0.04*  0.23£0.02¢ 2.57+0.01° -1.34£0.04* 0.39+0.02° -2.51+0.03
2 -1.2940.03%  0.54+£0.01° 2.23£0.04% -1.87+0.03° 0.54+0.04° -4.46+0.04°
3 -1.09£0.03°  0.72+0.04°  2.93£0.03*  -2.09+0.04° 0.52+0.02° -4.57+0.03°
4 -1.18£0.02°  0.88+0.04° 2.85+0.04° -228+0.03% 0.21+0.02° -4.49+0.03°

E: RPH—FHH AR FENIBZEEFRLE (p<0.05), HHARFHGHEZNEZFREE (p>0.05); FH.
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Table 4 \olatile flavor compounds of macadamia nuts with different dry treatments

ISWAN=|

BEBITH

R 4 TEFIRACIEHMN R RBICHER MERIR LS

wemE A% e %6 84 1)/min A
321 A2 K3 A4
1 o 1.61 048 035 023 -
2 ETE 2.67 165 227 1.16 124
3 3-F A 3-T M- 1-B% 3.51 0.26 - - -
4 SR B 3.57 342 351 262 273
5 R 4.09 5.12 - - 4.79
6 ETE 5.85 3.10 - - -
7 -8 7.67 0.43 - - -
8 4-THFR 7.82 0.16 - - -
9 2-THTE 8.66 030 026 0.29
10 Al R 19.12 006 003 002 002
BE A4 (21 #F) 11 24-5% =% 8.25 - 0.92 - -
12 +—8 14.10 - 0.04 - -
13 vt 4EES 19.75 - 004 007
14 AT B 2.14 - - 15.72 -
15 2-TH-1-THE 10.38 - - 0.08 -
16 -8 10.98 - - 0.09 -
17 2-THFES 11.72 - - 005 003
18 1-T 3-8 747 - - - 0.09
19 X B 8.87 - - - 0.15
20 37,11-ZF 324+ =2 19.75 - - - 0.02
21 (QZA4E)-3,7,11-ZF A2 4-+ —t58% 19.99 - - - 0.02
1 3-FTATECE 5.56 0.02 - - -
2 RSB T B 6.33 1.85 1.81 1.47 1.79
3 JRER T Bs 6.40 0.52 - 0.50 -
4 RELT B 6.54 150 110 - 127
5 1,4-T 1 B 6.65 0.26 - - -
6 FTERT AR 7.34 0.14 008 008  0.09
7 TELT By 8.09 069 08 070 080
8 T s 13.96 009 014 008 013
BI04 (20 ) 9 AR BT B8 19.59 0.02  0.02 - 0.01
10 TR AR F B 321 - 0.05 - -
11 TEE-1-F B2 7 A Bs 5.80 - 0.04 - -
12 LB T Bg 225 - - 221 -
13 LB R Bs 3.26 - - 0.03 -
14 LEAP T B 391 - - 0.09  0.09
15 FRER L g 5.57 - - 0.04 -
16 TR0 3h-1-T B2 S 6.02 - - 0.18 -
17 P = )58 = F B 6.11 - - 0.13 -
18 IE T A AR - - 1.10 -

N 26.29%. 40.76%. 23.64% % 39.46%, HEISAHXSE
179 29.01%- 18.96%. 26.03% % 23.87%.
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ka4
ottt £ 5 et FR % B 18] /min A%
W31 42 KAE3 AIE4
B (20F) 19 y-T R B 6.66 - - 0.13 -
20 2-TBLA TRRA TS 9.10 - - - 0.05
1 L 2.02 1.93 - - 1.79
BREME (34F7) 2 FT AL 9.25 0.13 - - -
3 4-5KTHR 6.67 - - - 0.07
1 3 -F 4R 6.87 005 011 007 0.0
2 AR 7.92 013 012 011 0.0
3 X EMBE TR 14.24 0.03 - 0.02 001
B A (87 4 Aot A AR 14.84 0.05 - 0.03 -
5 ZR-4-F3 23H)-kER 7.51 0.18 - - -
6 4-F F R AR 9.53 - 0.02 - -
7 1,19 A-2-T AT 10.26 - - 0.13 -
8 Art A R ER 14.84 - - - 0.02
1 FREE 3.05 1.70 1.02 2.62 1.48
2 ECE 4.62 1556 736 1415 1479
3 2- Tt 5.60 0.11 - - -
4 )5S 6.44 579 506 335 318
5 ERS 7.59 0.25 0.27 0.33 0.30
6 EFRE 8.25 083 087 0.6 -
B A (145) 7 2,44-= T IR B 8.84 0.11 - - -
8 T 9.93 462 438 389 332
9 +om 1435 0.04 - 0.01 -
10 2-F K A HaEs 1.95 - - 0.81 -
11 B-2- Sl 5.60 - - 0.11 -
12 (B)-2- e H B 747 - - 0.10 -
13 F B 8.25 - - - 0.63
14 B 11.52 - - - 0.17
1 ETHK 2.11 1941 2067 1572 1644
2 12-=5.0% 2.56 005 005 005 004
3 4-F R 4.97 0.03 - - 0.02
4 6-F I+ 7.56 0.02 - - -
5 2,2,4,6,6-5F Btz 8.01 0.55 - 0.70 0.63
6 BIR 8.18 048 049 048 051
7 3FTATK 8.35 0.33 - 0.35 -
g EA e (88 FF) 8 4,7-=F 3+ 8.75 0.17 0.23 - 0.19
9 1-AH R Tz 8.95 0.07 - - -
10 22- =W iz, 9.07 0.10 - - -
11 4-FHRE+IR 9.19 0.21 - 0.12 -
12 6-LA2-F HEAN, 9.39 0.13 - - -
13 EASR 9.52 0.05 - - 0.01
14 2,3,3- = ¥R 9.60 0.05 - - -
15 2,6-=F AR 9.63 0.04 - - -

310



R EmiB Modern Food Science and Technology 2021, Vol.37, No.11

ka4
Pt £ 5% o (R85 /min ke
3B A2 P3O A4
16 4-F R Fx 9.75 0.03 - 0.04 -
17 +—k 9.84 034 044 047 039
18 2,3,5,8-79 ¥ ik abiz, 1025 0.09 - - -
19 2,5,6-Z FAFI 10.38 0.02 - - -
20 2-FE+ )% 10.86 026 0.4 015 -
21 3-Fh+—k 10.94 0.30 0.11 0.17 0.11
22 E+ 11.40 191 222 1.78 1.44
23 2,6-=F -+ —ik% 10.69 048 010 013 025
24 4-FE+ 12.26 0.03 - - .
25 E+50K 12.47 0.06 - - -
26 E+=8 12.84 043 062 055 042
27 2-FHA+ =% 13.72 0.06  0.09 - -
28 2,6,10-ZF 1+ =) 13.87 0.02 - 0.02 -
29 Etmg 14.21 038 032 034 0.8
30 2,6,10,14-29 F A+ 14.98 0.11 0.08 - -
31 + Ak 15.48 003 005 005 003
32 U 16.69 005 003 002 002
33 TH 1.68 - 4.80 - -
34 ZRT® 1.81 - 6.45 - 15.82
35 - AR 2.33 - 1.59 - -
36 TR 343 - 005 006  0.06
e (88 #) J
37 3AFKR 4.44 - 0.20 - -
38 E4 6.41 - 0.29 - 0.23
39 22,8 = VAR 7.47 - 0.03 - -
40 2,2,9-Z F HE A%, 8.01 - 0.71 - -
41 2.2.3.4-79F 2 Rz 8.36 - 0.30 - 0.10
Iy} P-4=7E 42 8.64 - 0.04 004  0.04
43 6-F A+ =) 9.01 - 0.02 - -
44 22-ZF R 9.08 - 0.11 - -
45 2,6-=F K FI 9.25 - 0.10 - 0.02
46 234-ZF K+ 9.44 - 0.06 - -
47 5-F A+ 10.38 - 0.02 - -
48 5-LAR 10.50 - 002 002 002
49 5-F R+ 10.69 - 0.05 - -
50 E=4—i 12.48 - 0.07 - -
51 2,4,6-ZF K% 13.13 - 0.04 - -
52 BT 13.52 - 0.02 - 0.03
53 3-F A+ =% 13.81 - 012 009  0.10
54 29-=F R+ 13.88 - 0.03 - -
55 LI2-ZR2% 427 - - 009 025
56 FABEA = T, 6.74 - - 0.38
57 22-ZF AT 7.67 - - 0.30

311



R EmiB Modern Food Science and Technology 2021, Vol.37, No.11

ka4
Aot & 5 o] AR % B 18] /min AR
31 A2 A3 AIE4
58 L2- = F R IR/ 7.68 - - 0.33 0.33
59 EEH 8.49 - - 0.02 -
60 2-F 6-THFI 8.75 - - 0.20 -
61 22-=F R =+ 9.05 - - 0.02 -
62 2,2,6-= % £ Fi% 9.25 - - 0.11 -
63 2244688 FREIH 9.39 - - 0.24 -
64 48-=—F i+ 9.44 - - 0.07 -
65 2,5-ZF ARk 9.79 - - 0.02 -
66 1-T -2 BRI IR Az, 11.27 - - 0.02 -
67 3-THAREKR 11.60 - - 0.16 -
68 +E1% 13.30 - - 0.02 -
69 EFRIRTHE 13.51 - - 0.03 -
70 2,6,10-=F &+ =% 14.98 - - 0.23 -
71 LI-—ZaATE 3.44 - - 0.05 -
72 234-ZFAETHK 5.73 - - - 0.67
ke (884) 73 2,2,7,7-09 ¥ L F k7 7.47 - - - 0.09
74 223-ZFHS-THEER 8.55 - - - 0.11
75 225-ZF T 8.85 - - - 0.07
76 22,11,11-m F R+ )% 9.05 - - - 0.02
77 223-ZF R 9.08 - - - 0.14
78 2,7,10-ZF £+ =) 9.19 - - - 0.10
79 35- =9+ ) 9.39 - - - 0.09
80 33-ZF AR 9.44 - - - 0.06
81 2,6,7-=F E % 9.60 - - - 0.18
82 3,5-=FHAFIR 9.64 - - - 0.04
83 3,7-=F AR 10.17 - - - 0.02
84 2,3- =W R 10.70 - - - 0.05
85 EoAH 12.48 - - - 0.04
86 5-F R+ =k 13.50 - - - 0.05
87 3-F R+ 13.72 - - - 0.03
88 3T+ AR 16.34 - - - 0.02
1 4 1K b 2.33 1.07 - - -
2 -t 4.45 0.24 - 0.13 -
3 WA K 471 127 0.69 1.28 1.19
4 KM 6.27 1.13 - - 0.86
5 2-JR b 7.03 015 013 014 015
e kiuedh (27 4) 6 BT 7.84 0.10 - - -
7 ATA 8.71 012 012 013 011
8 ¥t 14.51 0.01 - - -
9 + &K 1539 0.04 - - -
10 + -t 16.61 0.03 - - -
11 HAE M 19.32 006 002 002 002

312



R EmiB Modern Food Science and Technology 2021, Vol.37, No.11

ka4
bt & 5 e ARG B 18] /min ARG
W31 A2 K3 AIE4
12 -2 F% 4.44 - 0.20 - -
13 4-F 3 1+—H 9.60 - 0.07 - -
14 345-ZFh-1-TH 10.06 - 0.49 - -
15 5-+ =¥, (E)- 11.28 - 0.03 - -
16 NAL3-T =M 11.62 - 0.04 - -
17 3tk (Z)- 15.39 - 0.03 - -
18 3,7,11,15-09 P2+ K 19.24 - 0.06 - -
A (275) 19 24.6- = FAK I 11.38 - - 0.22 -
20 1+ ek 12.74 - - 0.04  0.02
21 1-+=¥% 14.10 - - 0.02 -
22 158 15.39 - - 0.02 -
23 SR W 1.72 - - 291
24 3-FAACTTH-I-FKTH 8.37 - - - 0.14
25 2,6-=F 3N 9.40 - - - 0.10
26 5-F A S 10.06 - - - 0.25
27 1-+—% 12.74 - - - 0.03
1 X 2.64 165 227 1.37 1.24
2 R 4.06 512 416 364 479
3 TR 5.71 067 073 061 067
4 xR 5.88 310 239 300 205
5 AR =R 6.28 1.11 0.99 - -
6 1-T3h-4-F R 7.52 0.05 - - -
7 123-ZF% 8.11 078 093 082 092
8 4-THFE 8.58 002 020 010  0.09
9 M-F R A F R 8.64 0.05 - - -
10 w3-—EFR 10.26 0.21 - - -
11 i 3 11.34 0.29 - - -
12 2-FHE 12.96 0.10 - - -
13 2-TH AR 14.09 0.08 004 003 -
FR RIS (28F)
14 23,6-ZF A 16.03 0.02 0.01 -
15 AAE 7.40 0.08 003  0.09
16 5-F Ak K 9.03 - 015 018 001
17 2,6-—HF R 10.27 - 0.60 0.13 -
18 1-FHA-(1-FHA2-AHLHR 11.38 - 0.24 - -
19 1-FHAER 12.98 - 0.06 - -
20 LL6-=F3-12-— 8% 13.71 - 0.09 - -
21 235-ZF AR 16.04 - 0.02 - -
22 - 15 R 19.99 - 0.04 - -
23 ARTIL TR 7.83 - - 0.10  0.09
24 h=ZFXK 8.58 - - 0.02 -
25 1,2,3,5-m9 F 3K 10.71 - - 0.06 -
26 LL5-ZF3-12-—83% 13.71 - - 0.05 -

313



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.11

ka4
bt & 55 e F% ¥ B 18] /min S
I 432 AIE3 A4
SRR (8F) m;j'i 629 ) ) ) 086
28 A 11.35 - - - 0.13
1 2- )R H kv 8.02 0.55 0.71 0.70 0.63
ke (374F) 2 3-F Aok 2.20 - - 429
3 2-T A Sk 9.09 - - 0.07 0.09
1 =R 1.76 2.02
2 ZTHEE 6.08 089 072 068 093
5 (64) 3 T 3 2-T A T A 8.85 - - 0.07
4 6- T bk Bk 10.70 - - 0.06
5 =B T Bk 2.79 - - 0.40
6 G- AR 7.01 - - 0.02
1 3-F Ak, 2-F ko 7.58 0.25
2 Z WAL 1.76 - 6.40 1.56
3 47-=FHA3-F A TH-F3% 14.39 - 038 025 042
4 ) 15.63 - 1.14
HA (9 FF) 5 Mo R HS PR 3.05 - - 1.65
6 1- T Zh-1H-2 12.97 - - 013 005
7 ZF AR 6.73 - - - 0.58
8 o- R IR F 10.87 - - - 0.13
9 22- =W H-13-Z5A4LE 11.38 - - - 0.17

E CORTAKLE, AEE<0.01%RIINET.

R 4 AT, Gl S Pras 88 B, 7EANIH
LS R AT R R R R R R, T
38.77%, HIGFE B . e RS A F T R
PRI U B ERLAT (R L T B Loading /M4 K —3, 1%
KA W3S ARERMEKE R, HAEH—F o A E
TR TR RO .

BE AL A BN R A 0 3 B R L A
FRR 5 B v O AT T R U2 SR ) S RS G
LA AN [ A 3 PR U AT B T LR AR B S A
B AN 15.56% 7.36% 14.15% K% 14.79%, Hix
PR, TRE, ECREEAEE. HE%, BRBRAES
HEE, THRAGBIEE. HESPRRET R
PSRN R R LR A Sy, Horb 4 sk
NEWTIERER (C6~CO) TERESH  23.30%, IXLEVHAN
FETE AR R I LA M DR 0 7 S

3 Zhig

30 AERRA R TR AL A GC-MS AR
TR ORI, B TIR, AKCTIR, B
AT X KRR OB . T 54
RERAESR, B0k, BRvk. W0k L, AR

314

ST R R 2 R B, H LDA 4 HriaET
P 3R B B BT RN 96.60%, 1] PLSE 4= [X 43 AN[H]
J7 TSR IR R, B B25 S PCA I LOA 43
it R HL - B0 AN R A3 ) U SR A B S
%, PCA 43 BT B BT 32 B 2 1 3R 1 53 ik 08 2
98.79%, ] LATRFHb X 73 A [R] 458 A S PR U S5
{ZHHERVERRYIIR, A5IE&E4 WIS, W3S Fl W3C 1)
WU A HTRE TG, TR T A R X Ay
ER .. Ak, GC-MS 1E N FEfh 7, JLEE
227 FRER MRy, FEHEER BES. BRI, Bk,
BEIR. Beke. ke ik, MR, i AR A
B Horh, GeRAMEEREMR S & & b ABORILE,
L VOAA [E] A B B 8 A (R o A 2 B2 A
26.29%- 40.76%- 23.64%}% 39.46%, MESHINT& &
N 29.01%- 18.96% 26.03% % 23.87%. ASFEAL
TP R SR I R M RIRYIB 36 Fh, X5
FLF 51 PCA ) LOA 73#fr 45 R —%, PCA 434 al LA
B X oy KBRS — . b otmk
K.

32 ZELEATR, AT R0 T AR TR
AL PR U A R BE AR AT 1SR, GC-MS U fi



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.11

BT RRZERST, =F BN, B
IIANEITRITIE RIS, AT A 122 SR
I LR EEAR R I B AR S

(1]

Sinanoglou V J, Kokkotou K, Fotakis C, et al. Monitoring the
quality of y-irradiated macadamia nuts based on lipid profile
analysis and chemometrics. Traceability models of irradiated
samples [J]. Food Research International, 2014, 60: 38-47
Navarro S, Rodrigues C. Macadamia oil extraction methods
and uses for the defatted meal byproduct [J]. Trends in Food
Science & Technology, 2016, 54: 148-154

T B R ZE AR i 2 SR SR R TR Page BRI
S FA)] B R, 2017,42(5):68-72

HUANG Kechang, GUO Gangjun, ZOU Jianyun.
Establishment of hot air drying page model and quality
change for macadamia kernels [J]. Food Science and
Technology, 2017, 42(5): 68-72

R EL, KO, 3 T AR N M R AT A 2 4 S T
o3 A ] A E 0 58 97,2018, 1:45-49

LIU Jinyi, ZHANG Xiang, HUANG Xuesong. Chemical
composition of macadamia nuts and utilization of its main
components [J]. Food and Nutrition in China, 2018, 1: 45-49
W75 ST S SRR S UL )] 25 M0, 2009,6:45
YANG Shengfang. Yingjiang macadamia planting situation
[J]. Yunnan Forestry, 2009, 6: 45

£ 25 FH B S SR R BRI FE [D] A58 PUAL AR AL
FR#,2012

WANG Yunyang. Study on radio frequency drying protocol
of macadamia nuts [D]. Yangling: Northwest A & F
University, 2012

IL Dominguez, Azuara E, Vernon-Carter E J, et al
Thermodynamic analysis of the effect of water activity on the
stability of macadamia nut [J]. Journal of Food Engineering,
2014, 81(3): 566-571

Cykler J F. Drying high moisture wet-in-shell macadamia
nuts with low temperature dehydrated air [J]. Applied
Engineering in Agriculture, 1996, 12(2): 223-227

<1 L, A, 2 R, S N U SR TR PRI T[]
A 5 HLIK,2010,26(6):44-46,78

DIAO Zhuochao, YANG Wei, LI Jianhuan, et al. Study on
characteristics of macadamia nut by hot air drying in different
temperature [J]. Food & Machinery, 2010, 26(6): 44-46, 78
Silva F A, Marsaioli A, Maximo G J, et al. Microwave

assisted drying of macadamia nuts [J]. Journal of Food

[11]

[12]

[13]

[14]

[16]

[17]

Engineering, 2006, 77(3): 550-558

R LB SRR AROR R R 0] B d R,
2007(8):26-30

NIU Haixia. The application of electronic tongue in modern
food science and technology [J]. Food Science and
Technology, 2007 (8): 26-30

SR IRIGEAR, VFBL, S5 AN RIS A A XSRS AIE 73 HT 1],
B iRE,2019,40(4):206-214

SONG Ze, XU Xiaodong, XU Rui, et al. Analysis of flavor
characteristics of stewed beef from different carcass parts [J].
Food Science, 2019, 40(4): 206-214

Wei Z, Wang J, Liao W. Technique potential for
classification of honey by electronic tongue [J]. Journal of
Food Engineering, 2009, 94(3-4): 260-266

Shi H, Zhang M, Adhikari B. Advances of electronic nose
and its application in fresh foods: a review [J]. Critical
Reviews in Food Science and Nutrition, 2018, 58(16):
2700-2710

Shi L K, Zhang D D, Liu Y L. Survey of polycyclic aromatic
hydrocarbons of vegetable oils and oilseeds by GC-MS in
China [J]. Food Additives & Contaminants Part A Chemistry
Analysis Control Exposure & Risk Assessment, 2016, 33(4):
603-611

Dong W, Hu R, Long Y, et al. Comparative evaluation of the
volatile profiles and taste properties of roasted coffee beans
as affected by drying method and detected by electronic nose,
tongue, and HS-SPME-GC-MS [J]. Food
Chemistry, 2019, 272: 723-731

Chung N, Jo Y, Joe M H, et al. Rice vinegars of different

electronic

origins: discriminative characteristics based on solid - phase
microextraction and gas chromatography with mass
spectrometry, an electronic nose, electronic tongue and
sensory evaluation [J]. Journal of the Institute of Brewing,
2017, 123(1): 159-166

Zhou X, Chong Y, Ding Y, et al. Determination of the effects
of different washing processes on aroma characteristics in
silver carp mince by MMSE-GC-MS, e-nose and sensory
evaluation [J]. Food Chemistry, 2016, 207: 205-213

J RS R, R T 200, 55 5 T T B 5 SR - B I
DX 3 AN R AR BRI s USR0S PE ] B ko,
2020,41(12):228-233

KUANG Geling, WANG Xinyu, LI Shu, et al. Analysis on
the differences of Hengshun vinegar at different aging times
based on electronic nose and GC-MS [J]. Food Science, 2020,
41(12): 228-233

315



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.11

[20]

[22]

[24]

[25]

[26]

316

Cheng H, Qin Z H, Guo X F, et al. Geographical origin
identification of propolis using GC-MS and electronic nose
combined with principal component analysis [J]. Food
Research International, 2013, 51(2): 813-822

Rosa A, F Leone, F Cheli, et al. Fusion of electronic nose,
electronic tongue and computer vision for animal source food
authentication and quality assessment-a review [J]. Journal of
Food Engineering, 2017, 210: 62-75

Zhang J, Cao J, Pei Z, et al. Volatile flavour components and
the mechanisms underlying their production in golden
pompano (Trachinotus blochii) fillets subjected to different
drying methods: a comparative study using an electronic nose,
an electronic tongue and SDE-GC-MS [J]. Food Research
International, 2019, 123: 217-225

2l BRI X B T [ A R - U - o i
LT BRI A B L B R R (] B S
B T Ml,2020,46(10):233-241

LI Ting, TIAN lJiale, LIU Yang, et al. Analysis of volatile
flavor compounds in fermented milk by SPME-GC-MS and
electronic nose technology [J]. Food and Fermentation
Industries, 2020, 46(10): 233-241

g, R, £ /NRAE BT T TR AT GC-MS 7y
Ak AR N 4 e £ 28 BB T B A A PR AUk
(FIRZm)]. & i Tk ARHY,2019,40(23):229-234

BAO Wei, LIU Yating, WANG Xiaofeng, et al. Electronic
nose, electronic tongue and GC-MS for odor and taste
analysis of Bama pork with dietary tuna cooking liquid
supplement [J]. Science and Technology of Food Industry,
2019, 40(23): 229-234

K EET L BRI LA B P 0 it ST (RO TE G 0 77
IR FE DA LK A2,2017

JIANG Shui. Nondestructive detection of Chinese pecans
(Carya cathayensis) internal quality based on electronic nose
[D]. Hangzhou: Zhe Jiang University, 2017

B, 25T T T TR S SPME-GC-MS HRH)
JE SRR AR A )], B8 b ARE2,2020,41(10):222-229
FAN Yan, LI Haoli, HAO Yining. Analysis of characteristic
flavor compounds of fermented bean curd using electronic
tongue and solid-phase microextraction combined with gas
chromatography-mass spectrometry [J]. Food Science, 2020,
41(10): 222-229

e P, TR FE 2 IR AN [ B B A B R O H 1 5
AT L AN (0], WL R S SR A 5 A A B £ R, 2012,
38(6):715-724

[28]

[29]

[30]

[31]

[32]

GAO Liping, WANG Jun, CUI Shaoqing. Evaluation of
fresh juice of strawberries at different degrees of ripeness
using electronic nose and electronic tongue [J]. Journal of
Zhejiang University (Agric. & Life Sec.) 2012, 38(6):
715-724

Li Q, Shi X H, Zhao Q, et al. Effect of cooking methods on
nutritional quality and volatile compounds of Chinese
chestnut (Castanea mollissima Blume) [J]. Food Chemistry,
2016, 201: 80-86

A6 T, T B, AR, S BT S R A BORAE FHER
HE A TARINT]. & A RH£,2019,40(10):279-284

Z0OU Guangyu, WANG Wanzhang, WANG Miaosen, et al.
Quality detection of Xinyang Maojian tea using electronic
nose and electronic tongue [J]. Food Science, 2019, 40(10):
279-284

Je B, S0 KA 4, 55 T HL T BT GC-MIS XN S AT E
BE AR I T[] AR A et ih,2017,2:1-6,72
ZHOU Wei, WANG Bo, LIU Qiangian, et al. Study on
aroma constituents of different cultivars of “Living” rose by
electronic nose and GC-MS [J]. Flavour Fragrance Cosmetics,
2017,2:1-6,72

RPFSI, B AR X AL, 5 T L T SRR FE AR EE T 5
e D15 2 0 it 5 RIS MR Tk R, 2015,36(12):
324-327,336

ZHU Danshi, LYU Jiayu, ZHAO Lihong, et al. Effect of
preservation methods on quality of fresh-cut pineapple using
electronic nose technique during storage [J]. Science and
Technology of Food Industry, 2015, 36(12): 324-327, 336
AP, T AL VFRER, 55 25 T SPME-GC-MS MIHL 155}
W73k A AR O R RURAL S A A [0, £ it B
2£2018,39(14):276-281

ZHAQ Zewei, DING Zhuhong, XU Peizhen, et al. Change of
flavor compounds in coix seed beverage during storage
analyzed by SPME-GC-MS and electronic nose [J]. Food
Science, 2018, 39(14): 276-281

VR UKGHE, EIDE R, HRM, 5. GC-MS 4545 Hi 75434 1-MCP 4k
PR ARG SR A BT ARO[ £ i RHE,2016,
37(2):238-243

PAN Bingyan, LU Xiaoxiang, ZHANG Peng, et al. Effect of
1-methylcyclopropene (1-MCP) pretreatment on the volatile
components of chili peppers during low-temperature storage
analyzed by gas chromatography-mass spectrometry
combined with electronic nose [J]. Food Science, 2016, 37(2):
238-243

(4555 84 51)



