416 % 54 JEg I R Vol. 16 No. 4
2025 42 Journal of Food Safety & Quality Feb. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20240928001

SIAMI: WS, b, HA4EW, 5. o5 S HOR S OM @S- S L SO0 B B R (T]. a4 B il 24, 2025,
16(4): 126-136.

WEN YQ, LUO S, TIAN WN, et al. Identification of honey adulteration based on electronic nose and gas chromatography-mass
spectrometry [J]. Journal of Food Safety & Quality, 2025, 16(4): 126—136. (in Chinese with English abstract).

HL T~ B0 5 O - O i Sl B ik

P, F 0, W4, HEE, R
AL st sl FRHE I e A ) T AR 2B, dbal 100176)

# E: BRY REMSREBERE SRR B R S B B SR E R R 2 . B M
5%, 10%. 20%. 30%AN[A] GBI A2 A8 R 2 IEAB BORE i, SR FH A S B AR RN T 238 [T A A B 5 R €813 -
JR %+ AR (solid-phase microextraction and gas chromatography-mass spectrometry, HS-SPME-GC-MS) 3 #r #3k#
i R B S W R R ISR NI R . G55R ML T 5 (electronic nose, E-nose)% & 38434 M7 ((principal
component analysis, PCA) I 5 1 5 /> — 7€ ¥ ] 51| 43 #7 (sparse partial least squares-discriminant analysis,
sPLS-DA) ] DL/ 4 . AL . WERE AR IR, REC /MR BRI 5 e s, HARREIX /0E
R SR BB . GC-MS S5 R ], W | i & FI (e 2 b e th 62 ARG, TERE
THRERY S R e, AARE TP EERY RS R, BRE DTSSR RS ERe, EAMY RS RS
SPLS-DA I LLXS3 100%7FAREE . 100%HBA B 1 5%~30% MBI . 5%~30% IR BB AL, . 4 T
E-nose IR FI GC-MS 4K VW) BT o3 M A A 21T 52 4 il DLBEA TSR 4B BRI S s 45 (U A it
S, WFFESSE Rt B 0 U RS R A I R R S5

XA EBE MWL FRYEYIBT TR U G-k

Identification of honey adulteration based on electronic nose and gas
chromatography-mass spectrometry

WEN Ya-Qin, LUO Shuai, TIAN Wei-Na, YANG Guo-Wei, ZHAO Xin-Yin"

(Beijing Polytechnic, College of Biotechnology, Beijing 100176, China)

ABSTRACT: Objective To explore of odor differences and volatile differences between rape honey-adulterated
and syrup-adulterated samples and real honey. Methods Different proportions of 5%, 10%, 20% and 30%
syrup-adulterated and rape honey-adulterated samples were constructed, and the electronic nose technique and
headspace solid-phase microextraction combined with gas chromatography-mass spectrometry (HS-SPME-GC-MS)
were used to analyze the odors and volatiles of the adulterated and authentic honey samples. Results The electronic

nose (E-nose) combined with the principal component analysis (PCA) and sparse partial least squares discriminant
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analysis (SPLS-DA) could distinguish different botanical honey of linden honey, jujube honey acacia honey, and

could distinguish syrup-adulterated samples from real honey, but could not distinguish rape honey-adulterated

samples from acacia honey. The GC-MS results showed that 62 kinds of volatile compounds were identified in acacia

honey, linden honey and jujube honey, with the highest content of alcohols in acacia honey, aldehydes in jujube

honey, terpenes in linden honey. The content of volatile compounds in combination with sSPLS-DA could distinguish

100% acacia honey, 100% linden honey from 5%-30% syrup-adulterated samples and 5%-30% rape

honey-adulterated samples. Conclusion The odor analysis and volatiles analysis based on E-nose and GC-MS

combined with chemometrics analysis can be used to identify syrup-adulterated and rape honey-adulterated samples.

The results of the study provide a reference for honey traceability and adulteration identification studies.

KEY WORDS: honey adulteration; identification of botanical origin; volatile compounds; electronic nose; gas

chromatography-mass spectrometry
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Table 1 Adulterated honey samples
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FES IR Y
3 AN [ A 0 D 0 11 R M 3 R 2 B B i AR AE
BRFZEF (R 2), M3 R BERE S, i LRGN Y 62 Rl A 1k
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By, H A E Y 6 Rl WSS 12 Fh . MR 4 Fh . B
52 Bl WHZE 3 Fh . WEMESL 28 Fh . CI13 BERIR A 4
i, kg 1R, RSS2 Fho 3 R g R ME RS S R L
BT, FEAREE B EEs | RASFEEIET, &L
3N 48.8% . 20.5% . 18.4% (RIRBBIEME), BILE
RN MR AEEE, o0 B R MR
34.0%. 29.9%71 18.0%, X5 AIC T WSS /2 e 2 X
W B EEEOR PR A — B MR S A R R £,
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Table 2 Content of volatile compounds in different kinds of honey samples

SR E/mn EAWEE0) AR A% AEE(nge) BRE(ngg TUTE TR
/(ng/g) /(ng/g)
12.60 1-octen-3-ol 12 f -3 it 3.10+0.08° 2.68+0.06" 2.50+0.01¢ 2.64+0.04°
14.77 2-ethyl-1-hexanol 2-Z3k-1-C % it 44.01+8.41° 42.54+0.10° 58.86£0.24"  50.59+1.08°
15.09 benzyl alcohol AR H [ 104.47£5.56°  116.98+4.53° 97.12+4.84°  105.11+4.66°
18.73 phenethyl alcohol R i 118.85£4.92¢  1015.91£29.06" 381.89£6.97° 230.30+4.80°
21.44 1-nonanol TRz i 4.27+0.12° 4.64+0.07" 3.40+0.02° 3.25+0.01¢
40.05 cedrol ESL/N it 7.25+0.03" 7.35+0.02° 7.2240.01° 7.23+0.00°
ARG /%) 281.94 (18.0)  1190.09 (15.0) 551.00 (48.8)  399.11 (45.0)
3.65 3-methyl-1-butanal 3-FE-1- T i3 3.91+0.49° 0.41+0.01° 0.24+0.05° 0.29+0.02°
3.75 2-methyl-1-butanal 2-FSE-1-THE i3 0.76+0.10° 0.30+0.03¢ 0.40+0.02° 0.49+0.08°
4.15 pentanal qi3 i3 0.62+0.10° 0.35+0.10° 0.36+0.07" 0.41£0.00
7.04 furfural e i3 2.68+0.16° 5.88+0.53" 8.11+1.09 4.92+0.53°
9.43 heptanal B i3 2.92+0.20° 1.54+0.03° 1.50+0.09" 1.60+0.06"
11.90 benzaldehyde 7 3 9.79+0.88* 8.59+0.19" 4.44+0.06° 4.71+0.29°
13.66 octanal FIE 3 2.56+0.09° 1.56+0.00° 1.63+0.01° 1.58+0.03"
15.52 phenylacetaldehyde K i3 4773£51.63°  123.3£5.20° 19.06£0.17°  23.26+0.72°
15.58 Z'hydr‘”‘ydb:maldehy 2-FE AL L3 10.711.76° 2.490.12° 3.03+0.08°  8.18+0.26"
18.36 nonanal T i3 12.55+1.37° 2.09+0.01¢ 5.40+0.17° 3.6140.17°
23.10 decanal ZEME i3 5.21+0.17° 3.52+0.01¢ 4.1120.03° 3.70+0.07°
28.15 (E,E)-2,4-decadienal (E,E)-2,4 3% " JflE i3 3.08+0.00° 3.20+0.10° 3.09+0.02° 3.06+0.03°
BAEGE /%) 532.10 (34.0)  153.21(1.9) 51.36(4.6) 55.80 (6.3)
3.11 acetic acid i i3 16.61£2.91° 37.16+0.78* 8.96+0.02° 9.33+0.87¢
12.41 hexanoic acid iz i 10.79+0.86° 11.92+0.39* 5.33+0.02° 5.60+0.31°
22.44 methyl salicylate 3L KB IR i 1.37+0.01° 1.23+0.00° 1.19+0.01° 1.20+0.00°
25.80 nonanoic acid EN i3 439.54+66.11°  365.85+11.48"  215.99+2.10° 155.11x+5.56
BEEGE /%) 468.31(29.9)  416.15(5.3)  231.47(20.5)  171.24 (19.3)
3.25 ethyl acetate RIS TR R it 47.28+1.17° 53.9241.15° 26.10£0.70°  24.17+1.09¢
29.32 a-terpineol acetate il i 1 2 PR i it 22.46+1.17° 25.05+9.51° nd 19.15£1.17°
BAEGE /%) 69.74 (4.5) 78.97 (1.0) 45.26 (4.0) 43.33 (4.9)
3.08 2,3-butanedione 2, 3-T —fild L] 6.5440.11° 5.76+0.04° 6.5440.11° 6.1340.05°
4.80 methg;tflf;’“tyl H 5 T i 3.070.00° 269027 2715024 2.69£0.27°
25.06 carvotanacetone Gy i il nd 10.19+0.23 nd nd
B EGE /%) 9.61 (0.6) 18.63 (0.2) 9.25 (0.8) 8.82 (1.0)
10.70 a-pinene o-JE M [ 0.83£0.19° nd nd nd
11.38 camphene B [ nd 1.00£0.01° nd nd
13.04 pB-myrcene H Hed il s 0.48+0.12° 0.17+0° 0.14+0.01° 0.13+0.06°
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28
»- . e 3 i PP E"}l““ 2 = fn 2 =
£ B ) 8] /min B0 &0 3 AR /(ng/g) B2/ (ng/g) BUAGERLE T PR
/(ng/g) /(ng/g)
13.81 a-phellandrene a-7K T4 [ nd 0.46+0.03* nd nd
14.29 a-terpinene a-ilf fi [ 4.97+0.13° 5.84+0.24° 4.11£0.02° nd
14.66 p-cymene B-AAE)E [ 8.70+0.08" 11.44%0.10° 8.34+0.02° 8.24+0.01¢
14.89 D-limonene Frig [ 1.89+0° 1.35+0.02° 1.73+0.03° 1.3440.03¢
16.18 y-terpinene y-1HE it [ 5.92+0.40° 8.1£0.02° 4.12£0.01° nd
16.84 “S'?fllll‘";:l‘gig;“de i B EA A W 12.29+0.94° 51.1141.44° 18.77+0.47° 15.59+0.47°
17.44 terpinolene SERA I [ 4.69+0.00° 5.20+0.08* 4.83+0.08° 4.37+0.08¢
17.55 “ans('g;::’o"ih;’x‘de RCEIREAMY W 9.14+0.44° 18.95+0.47° 8.01£0.12° 7.1120.10°
17.66 p-cymenene R ORIy [ 8.2420.02° 22.41£0.53" 8.71+0.03" 8.39+0.01¢
18.17 S-linalool LiER i [ 11.67+0.23* 11.53+0.16° 11.14+0.26° 8.84+0.19°
18.29 hotrienol Ji S A [ 9.69+0.29° 55.64+1.75° 15.1+2.48" 10.24+1.40°
18.60 cis-rose oxide 05t =X Er 2L ik il s 4.47+0.04° 70.29+2.09* 4.67+0.02° 4.47+0.01°
19.36 trans-rose oxide S E Lk il s nd 31.3120.84° 4.5+0.01° nd
20.52 nerol oxide P AL Bk [ 0.34+0.00° 0.9+0.01° 0.5+0.10° 0.38+0.06°
21.59 endo-borneol T A (i3 8.63+0.10° 17.94+0.53* 7.28+0.02° 7.26+0.01°
21.97 terpinen-4-ol il ity -4 - [ 6.82+0.15" 12.17+0.3* 4.540.10° 4.40+0.01°
22.64 a-terpineol it i P [ 5.45+0.14¢ 8.89+0.19° 8.4420.25° 7.2940.15¢
22.80 safranal AT AL [ 1.3620.05" 4.58+0.06 1.030.10° 1.00£0.07¢
24.00 citronellol HA B [ 4.86+0.31° 7.0240.32° 4.14+0.51° 5.38+2.25"
24.75 cumaldehyde i [ nd 2.6240.13* 0.97+0.02° 0.95+0.01°
26.40 thymol EE) [ nd 159.76+2.84° 59.840.17° 59.78+0.14°
27.70 citronellic acid TR il s nd 984.9422.11° nd nd
29.74 geranic acid R il nd 4506.45+173.99° 16.29+4.73° nd
32.34 a-cedrene a- SN [ nd 0.84+0.00° 0.73+0.00° 0.72+0.00°
32.50 caryophyllene VaKdE [ 1.57+0.12° 0.71£0.07° nd nd
M (b H/%) 116.43 (7.4) 6001.60 (75.9) 207.17 (18.4)  177.38 (20.0)
: _5. . C13 [ 5
12.83 6-methyl-5-heptene- ¢ prgr s e oy 0 0.6740.19" 1.00£0.11° 0.2740.00° 0.3040.04°
2-one A S
Cl13 &5
30.75 (E)-p-damascenone K- 1 — 21.18+1.16° 18.16+0.28° 9.08+0.00° 8.74+0.03°
_ ) C13 &5
33.58 (E)-geranylacetone B ZE N 1 . :1 2.58+0.35° 2.1140.03° 1.85+0.02¢ 1.77£0.07¢
oy e
. Cl13 [#5
34.80 (E)-p-ionone BT 2T 142 2.12+0.28° 1.61£0.03° 1.61+0.03° 1.58+0.00°
B RGH /%) 26.55 (1.7) 22.87 (0.3) 15.38 (1.4) 14.94 (1.7)
9.67 acetylfuran 2T I il 1.73+0.16° 2.15+0.02° 1.92+0.02° 1.58+0.06¢
BEREGE /%) 1.73 (0.1) 2.15 (0) 1.92 (0) 1.58 (0)
5.41 toluene LN R 3.67+0.41° 1.65+0.06° 1.24+0.12° 1.29+0.05¢
35.92 2,4-di-t-butylphenol  2,4-—RUT L F g 56.75+6.57" 17.61+0.42° 14.00+0.31° 12.68+0.28°
B R (/%) 60.42 (3.9) 19.25 (0.2) 15.24 (1.4) 13.97 (1.6)
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Fig.4 sPLS-DA analysis chart of natural mature acacia honey samples and adulterated honey samples
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