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Identification of different types of onion extracts by electronic
nose technology
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ABSTRACT: Objective To study the rapid identification of different types of onion extracts by electronic nose
technology. Methods Purple onions grown in Yunnan, Gansu, Anhui, Sichuan, Shandong and Jiangsu regions plus
yellow onions grown in Gansu, Jilin and Yunnan regions plus white onion from Xinjiang region, were used for
materials, after the botany traits were investigated, onions were extracted and tested by electronic nose, identification
models were established by using Fisher discrimination and back propagation neural network (BPNN). Results The
responses of 10 sensors to different types of onion extracts were significantly different (P<0.05). Fisher discriminant
model and BPNN model could effectively identify different types of onion extracts, the recognition accuracies of
BPNN for training set and test set were 100% and 98.3% respectively, and the recognition accuracies of Fisher

discriminant for training set and test set were 96.1% and 92.8% respectively. Electronic nose technology combined
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with BPNN was more suitable for the identification of different types of onion extracts. Conclusion Electronic nose

technology combined with BPNN can identify different types of onion extracts, which can provide theoretical basis

and technical support for application development of fruit and vegetable preservation.

KEY WORDS: clectronic nose; onion extracts; botany traits; Fisher discrimination; back propagation neural

network
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Table 1 Physiological parameters of different types of onions

p_— LR/ E2N
i 25912 /mm % X B A2 /mm HA BT G /g TR BT 2 A
LR 75.98+6.41° 85.54+8.73° 285.60+72.06° 11.20+1.14°
TR R 90.63+11.54*¢ 93.39+5.59° 418.16+85.34° 9.7+1.25%
TR R 100.17+14.29¢ 104.23+7.05™ 541.31+£120.04° 9.25+2.66
R 101.64+5.15¢ 93.65+4.09 480.00+53.08" 11.00+1.79°
VLIRS 70.95+9.73° 90.97+6.59" 277.15+61.49* 10.50+1.08°
INFR 5 82.45+8.82% 92.90+12.31° 404.91+114.81° 10.70£1.16°
VI 74.16+18.52° 85.04+6.41° 300.64+54.67 10.60+1.17°
B R 98.33+11.36° 106.38+19.82° 541.68+176.89° 12.33+2.58°
Ny 94.22+5.04% 95.05+5.94% 411.90+33.86" 11.29+1.11°
B 78.58+10.74% 115.08+11.58¢ 463.22+122.62" 7.9042.13

T RPEUE I B ME M 22 (n=10), [F]—5 PR [R5 B 2R A1 35122 57 (P<0.05).

80

— S6

HFHH(G/G))

0 20 40 60 80 100
A Bl/s

1 AR HOR AL s ) 55 14

Fig.l Sensor response signal diagram of onion extracts
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Table 2 Responses of sensor arrays to the extractions of different types of onion extracts

- A ZA

LEEK  HORER HOREKR EMAREUR IR WARER WL FERAK smEEk sk
S1 0.89+0.00° 0.83£0.06°  0.89+0.01° 0.84+0.05" 0.83+0.01° 0.73+0.05" 0.85+0.01° 0.88+0.01° 0.83x0.01° 0.84+0.01°
S2  3.39£0.10° 2.81+0.24* 3.03£0.06 3.28+0.37° 5.49+1.12¢ 5.10+0.59% 4.36+0.88° 3.30+0.46" 4.20+0.63° 4.10+0.67°
S3  0.90+0.00° 0.83+0.06°  0.90+0.01¢ 0.84+0.07° 0.84+0.02° 0.70£0.06" 0.86+0.01° 0.89+0.01¢ 0.85+0.01> 0.85+0.01"
S4 1.00£0.00°  1.03+0.01°  1.00£0.00" 1.05£0.01¢ 1.01£0.00" 1.02+0.01° 1.09£0.01" 1.07+0.01° 1.10+0.01¢  1.09+0.00"
S5 0.97+0.00°* 0.95+0.02°  0.97£0.00° 0.95+0.02° 0.95+0.00° 0.90+0.03* 0.95+0.00° 0.96+0.00*° 0.95+0.00° 0.95+0.00"
S6  2.48+0.08" 2.78+0.68" 2.58+0.08" 3.33+0.84°" 3.45+£0.20° 4.33+0.94° 3.09+0.18" 2.66+0.16" 3.52+0.21¢ 3.22+0.16%

S7  21.77£1.71° 13.90+1.78" 18.98+1.42* 17.91+3.25

35.9146.75° 29.95+3.40¢ 28.54+7.51¢ 19.46+4.30% 26.88+5.33¢ 26.55+5.38¢

S8 1.72£0.03" 2.11£0.49™  1.80+0.06" 2.83+0.81° 2.39+0.14° 3.38+0.72 2.16£0.12°° 1.95+0.08" 2.56+0.14% 2.20+0.10™
S9  6.29+£0.23* 5.50+0.49°  5.67+0.23* 5.95+0.77° 10.17£1.92° 9.39+1.00° 8.00+1.68° 5.97+0.92* 7.95+1.28° 7.59+1.24°
S10  1.15£0.01° 1.14£0.01°  1.13+0.01* 1.15£0.02°  1.32+0.01° 1.19£0.02° 1.34+0.02" 1.25+0.03 1.33£0.02°" 1.32+0.02°
T R AP EUE R I REpR e 22 (n=18), [6—17 P FREFORA B34 1225+ (P<0.05).
*3 AEILEBFEIREUKAY Fisher 33 3
Table 3 Fisher discriminant functions of different types of onion extracts
1 2 3 4 5 6 7 8 9
S1 0.468 20.242 -3.413 98.965 125.845 54.657 190.104 129356 —195.873
S2 1.395 1.089 1.066 —4.771 1.624 -1.797 -5.146 2.480 2.408
S3 —26.715 59.349 55.112 -142.156 -126.469 ~79.478 —91.416 ~118.665 232.250
S4 —80.702 -16.212 95.126 36.898 —68.987 —54.638 —46.504 28.368 -14.501
S5 114.888 111.359 ~50.697 306.786 233.633 142.010 -90.343 28.523 ~176.668
S6 8.933 15.003 -5.671 13.089 2.227 2.408 1.494 6.786 -0.536
S7 -0.095 0.282 0.033 —0.768 -0.215 0.073 —0.582 0.030 —0.368
S8 -8.050 —7.459 9.704 -10.166 5.017 1.360 0.872 -6.713 1.017
S9 -0.670 -1.781 —0.619 5.141 0.100 —0.451 4.889 -1.974 0.512
S10 -35.182 -14.978 —44.438 -9.250 34.967 37.292 30.924 —-6.972 -13.952
() 33.479  -165.473 —46.127 -300.374 —211.948 -104.368 6.687 ~58.850 164.028
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Table 4 Fisher discriminating results of Fisher discriminant model for different types of onion extracts
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Table 5 BPNN discriminating results of BPNN model for different types of onion extracts
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% 5(4)
e 1 2 3 4 5 6 7 8 9 10 EWER/%
FEAEL A 6 0 0 0 0 0 0 0 0 0 100
B 0 6 0 0 0 0 0 0 0 0 100
C 0 0 6 0 0 0 0 0 0 0 100
D 0 0 0 6 0 0 0 0 0 0 100
E 0 0 0 0 6 0 0 0 0 0 100
Ko g 4 F 0 0 0 0 0 6 0 0 0 0 100
G 0 0 0 0 0 0 6 0 0 0 100
H 0 0 0 0 0 0 0 5 1 0 83.3
I 0 0 0 0 0 0 0 0 6 0 100
J 0 0 0 0 0 0 0 0 0 6 100
y=San - - - - - - - - - - 98.3
%%j{ﬁk fruit wine [J]. Food Sci, 2020, 42(6): 256-264.
[11] H1RER, MpWkHEE, SEEE, 45, ASIRIZE M 200 oh 2 & M XU i i)
[1] BAHRAM PM, LIM LT. Fresh cut onion: A review on processing, health 25T i KB Tk, 2020, 46(8): 230-237.

[2]

(3]

[4]

[3]

(6]

[71

(8]

(9]

[10]

benefits, and shelflife [J]. Comp Rev Food Sci Food Saf, 2018, 17(2):
290-308.

JEBIE. PEEAREPRSES IWIRD]. MR WOl K%, 2019.
ZHOU WY. Research on the international competitiveness of Chinese
onion [D]. Baoding: Hebei Agricultural University, 2019.

PRI, sRICIE, PR, G D) ThES SR AL 3 SR B R (0]
B STT R, 2016, 37(5): 177-182.

CHENG LL, ZHANG CF, WANG QG. Advances on the techniques of
browning inhibition of fresh-cut potato [J]. Food Res Dev, 2016, 37(5):
177-182.

INER, TRVRTE, KObRIG. Sf R 2080 T VR 2 A2 1y LR ).
AEREE, 2012, 33(22): 290-293.

SUN XJ, XU HD, MI LF. Analysis of volatile compounds from fresh and
dried Allium cepa L. [J]. Food Sci, 2012, 33(22): 290-293.

FMAR, EBHE. R ZIEEE ORI B AHRMEERCS U G- Bk b
HEAFE R RBR RS I]. BURE S RHE, 2007, 23(1): 87-90.

WANG YC, WANG XC. Analysis of volatile flavour of onions by
simultaneous distillation and extraction and solid-phase microextraction
combined with GC-MS [J]. Mod Food Sci Technol, 2007, 23(1): 87-90.
ABBEY L, JOYCE DC, AKED J, et al. Electronic nose evaluation of
onion headspace volatiles and bulb quality as affected by nitrogen, sulphur
and soil type [J]. Ann Appl Biol, 2004, 145(1): 41-50.

ABBEY L, AKED J, JOYCE DC. Discrimination amongst Alliums using
an electronic nose [J]. Ann Appl Biol, 2001, 139(3): 337-342.

MALLOR C, THOMAS B. Resource allocation and the origin of flavour
precursors in onion bulbs [J]. J Hortic Sci Biotechnol, 2015, 83(2):
191-198.

BRI, UK. AR AL T S AR R A h A T[], KR
fig, 2020, 33(11): 11-13.

LICC, LI YL. The application of electronic nose in food inspection during
the last five years [J]. J Cere Oils, 2020, 33(11): 11-13.

LML, RIS, £, 5. JEF GC-MS. GC-O Il F B AR ITFME
B A FIED]. AR, 2020, 42(6): 256-264.

CHENG HZ, CAI ZP, WANG J, et al. Based on GC-MS, GC-O and

electronic nose technology to evaluate the aroma characteristics of passion

[12]

[13]

[15]

[17]

(18]

HU WY, YANG YJ, DOU H, et al. Metabolic differences of volatile
flavour compounds in Huangjiu feremented with different wheat Qu [J].
Food Ferment Ind, 2020, 46(8): 230-237.

ElTa, WAE, BRI, 55 ZETHL TSI 1I-MCP X L RUF
HERRBSEIRI[T]. R TR, 2020, 42(4): 1-13.

YAN ZR, YUE YX, ZHAO JL, et al. Effect of 1-MCP on the ripening
process of ‘Xianghong’ pears based on the electronic nose analysis [J]. Sci
Technol Food Ind, 2021, 42(4): 1-13.

RN, BRI, BH AR, TSN R R[], B
TolkRHE, 2017, 38(9): 277-280, 284.

SONG XQ, LI SX, ERIHEMU. Identification of different brands of
vinegar by electronic nose [J]. Sci Technol Food Ind, 2017, 38(9):
277-280, 284.

WEORE, XU, ROTHE, A& LT BRI RNER A E R
fESIRAIT). &5 & EE T, 2016, 42(4): 197-203.

ZENG H, LIU X, WU XY, et al. Identification of apple cultivars based on
aroma analysis by electronic nose [J]. Food Ferment Ind, 2016, 42(4):
197-203.

AREMR, B, BT, S LD O R ) AR W R Bk
IR B R TR B B W (D). R 2 A B AR I 27 4R, 2018, 9(18):
4834-4838.

LI GL, MENG FB, ZHENG XY, et al. Odor monitoring during storage of
red pitaya and effect of Gilbertella persicariaon odor [J]. J Food Saf Qual,
2018, 9(18): 4834-4838.

JRATHs, Tk HET Fisher 2510 BP M 28 925 (1) FL - S 32 45005
FIEIFT]. P 2R, 2012, 12(6): 166-173.

ZHANG HY, DING W. Classification of fresh goat milk at different
storage temperature based on electronic nose by Fisher [J]. J Chin Inst
Food Sci Technol, 2012, 12(6): 166-173.

TAN J, XU J. Applications of electronic nose (e-nose) and electronic
tongue (e-tongue) in food quality-related properties determination: A
review [J]. Artif Intell Agric, 2020, 4: 104-115.

HIMEFS, AR, W, 5. JEF PCA-BP Fi 945 % A By
PUIBIFE]. WOt 506 T2~ R, 2020, 57(7): 196-203.

SONG HS, MA LZ, WANG YF, et al. Recognition of formaldehyde,



8040

B dn 2 4 R R I A 4R

12

[19

[20]

[21]

[22

[23

[24]

[25

[26]

methanol based on PCA-BP neural network [J]. Laser Optoelectron Prog,
2020, 57(7): 196-203.

THE, X0, 9158, BT BP b LR X B A e ™ R i A T ).
iR, 2017, 42(2): 273-276.

DING C, LIU L, HU Y. Prediction of total acid from pear vinegar by
artificial network [J]. Food Sci Technol, 2017, 42(2): 273-276.

JEZLA, Eif, whEAE, A AR PR RN I A R A K
LAY, Bl B4, 2017, 54(11): 2100-2110.

ZHUANG HM, WANG H, HAN HW, et al. Biological characteristics
evaluation and principal component analysis of different onion germplasm
resources [J]. Xinjiang Agric Sci, 2017, 54(11): 2100-2110.

RUSSO M, SANZO RD, CEFALY V, et al. Non-destructive flavour
evaluation of red onion (Allium cepa L.) ecotypes: An electronic
-nose-based approach [J]. Food Chem, 2013, 141(2): 896-899.
GEISSELER D, ORTIZ RS, DIAZ J. Nitrogen nutrition and fertilization
of onions (Allium cepa L.)-A literature review [J]. Sci Hortic, 2022, 291:
110591.

GERIES LSM, EL STA, MOURSI EA. Cut-off irrigation as an effective
tool to increase water-use efficiency, enhance productivity, quality and
storability of some onion cultivars [J]. Agric Water Manage, 2021, 244:
106589.

CHENG W, RASHID HA, STARK R, et al. The role of organ and
daylength specific gene expression in bulb development and resource
management 2021. DOI: 10.1016/
j.scienta.2021.110223

B, T, RER, & SO, ARIREFAEBI S 7 M A EECR 1Y
M), AU TR, 2020, 41(7): 1-9.

JI X, ZHANG P, ZHU ZQ, et al. Effects of different SO, preservation

in onion [J]. Sci Hortic,

treatments on ‘Zuijingxiang” grape during storage [J]. Packag Eng, 2020,
41(7): 1-9.
EHIE, XBELE, MR, 45 LR BeaBox 45t F o g Jdk

[27]

[28]

TR F) e Al B 7 S MR BB S (D). D 22 A B AR T 2 4T, 2021,
12(13): 5177-5182.

WANG RQ, LIU YY, YAN JJ, et al. Effect of L-cysteine on transformation
of endogenous formaldehyde and quality of fruiting body in Lentinus
edodes during storage [J]. J Food Saf Qual, 2021, 12(13): 5177-5182.
Bk, s, 20, A WAL SR I SR OR A v (4 8 B AL WS
JE[T]. M2, 2021, 38(6): 1004-1012.

DUAN B, YANG R, DOU Y, et al. Application and regulation of hydrogen
sulfide in storage of fruits and vegetables [J]. J Fruit Sci, 2021, 38(6):
1004-1012.

geccs, GBS, FEWIE, 55 N BP M RSO AL r R MR T
2 B S EBETAL, 2020, 46(21): 121-126.

ZHU LL, HOU ZL, CUI YF, et al. Optimization of enzymatic hydrolysis
of Antarctic krill by BP neural network [J]. Food Ferment Ind, 2020,
46(21): 121-126.

(RAE%4E: THY KE)

(=M

FEZ, B, #HF, TERARFEA
REMICESMI.
E-mail: guoqin.lil@uq.net.au

TiELE, L, BIBE, TEMRAE
RAEREFSRERN.
E-mail: liguifeng99@163.com



