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Abstract: Honey is rich in nutrients and has a wide range of biological activities. However, due to the different botanical
origins, geographical origins, entomological origins, and maturity, honey shows significant differences in their endogenous
compositions and nutritional values. Volatile organic compounds (VOCs) are closely related to the characteristic properties
of honey, and can be used to characterize the differences between honey. Gas chromatography-ion mobility spectroscopy
(GC-IMYS) is a new technology which combines gas chromatography with ion mobility spectroscopy for the determination
of VOC:s. In recent years, GC-IMS has been gradually applied to entomological origins identification, geographical origin
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tracing, botanical origin differentiation, adulteration identification and maturity evaluation of honey, and has achieved good

results, showing great application potential in honey quality evaluation. In this paper, the application research progress of

GC-IMS for honey quality evaluation is summarized. It is suggested that future research should be carried out from the

aspects of establishing honey GC-IMS database, developing GC-IMS equipment with fusion quantitative function,

developing the technical standard of quality evaluation based on GC-IMS, and using GC-IMS in combination with other

detection technologies, in order to provide reference for the application of GC-IMS for honey quality control, flavor

research and product development.

Key words: gas chromatography-ion mobility spectroscopy; honey; quality evaluation; volatile organic compounds
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Fig.5 HS-GC-IMS analysis for detection of adulterated honey™



- 408 - @SJT\“/ﬁ*ﬁ

20244 7 A

__ Physicochemical

Moisture |, pH, electrical conductivity

Sugars (glucose?, fructoset, sucrose| , maltose]),

parameters total proteint, total phenols?, total flavonoids?, proline?
Enzyme activity]
Antioxidant capacity of different maturity rape honey
12 ®DPPH (EC,,, g/mL)
® FRAP (mmol Fe? /100 g)
10 * Reducing power (mg/10 g)
; Antioxidant
% capacity
. 1 23 45 6 7 8 910111214 16
Rape honey at different -
A Ripening day (d)
maturity stages
Volatile
Late .
constituents

6 DEEERE

P43k, GC-IMS 12— TUE 2 ARk FH T i 2
H VOCs BT s FA3 BT, 7E I B HOR IS . Aok
P MR IE | BB A K0 5 T T 01251
WFFEHEAE , X L8 AT ST i 8 P AR GC-IMS
MFFES VOCs Ediiiz st a4y i b g iy
BT, $2008 22 S5 8., T T S A [ e A it 114 2L 1) 2
Ao HT GC-IMS XFHE S B T e 2T Ik 4y
B, PERERT IR RRER MORE ST A FRE AL RR, B A s
Ha (e FH T AS SRR R AT s BAGI A4 H . BARIRAE
B R, (0 A2 22 A B0 i B S PRI T EEE Y
BARZH . AFITEHANS S THRT GC-IMS HARTE
g S S S v ) 2 IE SR, AE S BRI LA Ik GC-
IMS F2ARTG W1 M fi e B e 24 1ol i 5T 45T )
RGP A W T R 1A 30T B, (PR T TR
LUR 7 T T 58 36 A3 2 a ik T-FR [ 4 04 7L A
R, AT R SAR YRR L P SRR . R ORI
K R )E ) GC-IMS 045 )% ; b.Afb GC-IMS F AR
ML AE AR, IF & sl G g SR DI E; o g T
GC-IMS AR 1 56 T e 28 FLAR T PPN I i iR
FrifE; d.GC-IMS 5 At RUBR A I 35 AR B, B #b
0, LLSCE i th VOCs B0 410 . 2240 BE I AdATT
£ PR, GC-IMS $AR ) RAEUE | il LG4
TER AR T FE53 0 B, YEFFEER AS | THBEDD
Al R B ot SR P B R SR SR -, A3 1 sk T
SRR S TR SE VI LR TR, e
BRI HEAA T304

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

HS-GC-MS
Ko e [ RN R b AN TR PR RO DF S —— LA Th S s i

Fig.6 Investigation of the maturity evaluation indicator of honey in natural ripening process: The case of rape honey'

[32]

S 3k

[ 1] SERAGLIO S K T, SCHULZ M, BRUGNEROTTO P, et al.
Quality, composition and health-protective properties of citrus hon-
ey: A review [J]. Food Research International, 2021, 143: 110268.
[2] ARROYO-MANZANARES N, GARCIA-NICOLAS M, CAS-
TELL A, et al. Untargeted headspace gas chromatography-ion mo-
bility spectrometry analysis for detection of adulterated honey[J].
[J]. Talanta, 2019, 205: 120123.

[3] GKOUTZOUVELIDOU M, PANOS G, XANTHOU M N, et
al. Comparing the antimicrobial actions of Greek honeys from the is-
land of Lemnos and Manuka honey from New Zealand against clini-
cally important bacteria[J]. Foods, 2021, 70(1): 8.

[4] MAJTAN J, BUCEKOVA M, KAFANTARIS I, et al. Honey
antibacterial activity: A neglected aspect of honey quality assurance
as functional food [J]. Trends in Food Science & Technology, 2021,
118: 870—886.

[5] TISCHER S S K, SILVA B, BERGAMO G, et al. An
overview of physicochemical characteristics and health-promoting
properties of honeydew honey[J]. Food Research International,
2019, 119: 44-66.
[6] MACHADO A M, MIGUEL M G, VILAS-BOAS M, et al.
Honey volatiles as a fingerprint for botanical origin-A review on
their occurrence on monofloral honeys [J]. Molecules, 2020, 25: 374.
(7] REE, shok=, FMM, 5. =45 RN RRGE R LA
P 8 E AT (1], A e 5 A 8% Tk, 2024, 50(6): 100-108.
[ ZHANG Guozhi, HAN Lingyun, LI Shanshan, et al. Antioxidant
and antimicrobial properties of three monofloral kinds of honey from
medicinal plants[J]. Food and Fermentation Industries, 2024, 50(6):
100-108. ]
[ 8] MARIE Y, MINLESHEWA A, ALEMU T, et al. Polyphenols,
flavonoids, and antioxidant content of honey coupled with chemo-
metric method: Geographical origin classification from Amhara re-
gion, Ethiopia[J]. International Journal of Food Properties, 2022, 25
(1): 76-92.
[9] KEKSP,CHINNL, YUSOF Y A, et al. Classification of en-
tomological origin of honey based on its physicochemical and an-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.foodres.2021.110268
https://doi.org/10.1016/j.talanta.2019.120123
https://doi.org/10.1016/j.foodres.2019.01.028
https://doi.org/10.3390/molecules25020374
https://doi.org/10.1080/10942912.2021.2021940

%453 55 13

Jeil , S SRS BRI BORTE S BT R - 409 -

tioxidant properties[J]. International Journal of Food Properties,
2017,20(3):2723-2738.

[10] x4, H5%E, NBE, F A TAME T EBEHARG L
H T3 b E AR A AR 1), B b5 A W Lk, 2023,
49(8):265-271. [ LIU Zhenping, GAN Fangyuan, LIU Guozheng,
et al. Study of maturity identification model for gallnut flower Apis
cerana honey based on gas chromatography-ion mobility spectrome-
try[J]. Food and Fermentation Industries, 2023, 49(8): 265-271. ]
[11] TSAGKARIS A S, KOULIS G A, DANEZIS G P, et al. Hon-
ey authenticity: Analytical techniques, state of the art and chal-
lenges [J]. RSC Advances, 2021, 11(19): 11273—11294.

[12] &, F &0, REE, £ AME#-B T THE 500K
RS AR LA MACE AT R R (T, R AR A
4R, 2021, 12(18): 7184-7190. [ QIAN Xin, LI Zhanming, SONG
Jiahui, et al. Research progress on the determination of volatile or-
ganic compounds of agro-food by gas chromatography-ion mobility
spectrometry [J]. Journal of Food Safety & Quality, 2021, 12(18):
7184-7190. ]

[13] R3&F, BHE, RATH, F. AME T EBEHALEANER
Zuk B RAEFHEEAL]. AR5 A BTk, 2021,47(22):
273-278. [ LIU Zhenping, NIE Qingyu, PANG Kejing, et al. Study
on the identification of specialty honey of Apis cerana from the
Three Gorges Reservoir area of Chonggqing based on gas chromatog-
raphy-ion mobility spectrometry[J]. Food and Fermentation Indus-
tries, 2021, 47(22): 273-278. ]

[ 14] WANG S Q, CHEN H T, SUN B G. Recent progress in food
flavor analysis using gas chromatography-ion mobility spectrometry
(GC-IMS) [7]. Food Chemistry, 2020, 315: 126158.

[15] XIA AN, TANG X J, DONG G Z, et al. Quality assessment
of fermented rose jams based on physicochemical properties, HS-
GC-MS and HS-GC-IMS[J]. LWT-Food Science and Technology, 2
021, 151: 112153.

[16] HERNANDEZ-MESA M, ROPARTZ D, GARCIA-CAM-
PAA A M, et al. Ion mobility spectrometry in food analysis: Princi-
ples, current applications and future trends[J]. Molecules, 2019, 24
(15):2706-2733.

[17] WREAR, Ham, Hil, . AAME#E T E8ERMERE
R S A R 6 5 R (1), R AR A AR,
2018,9(2):396—401. [ CHEN Xinyu, HE Jinna, CHEN Tong, et
al. Application of gas chromatography-ion mobility spectrometry in
quality determination of edible vegetable oil[J]. Journal of Food
Safety & Quality, 2018, 9(2): 396—-401. ]

(18] ik, @k, T4, 5. kT GC-MS #» GC-IMS H AW
R R A & F 0948 A e 7 (J/OL]. A Tk AHH, [2024-01-
04]. https://doi.org/10.13386/j.issn1002-0306.2023070212. [ LIU
Qian, BAI Yanlong, JIA Jianhua, et al. Study about volatile organic
compounds in malt based on GC-MS and GC-IMS technology
[J/OL]. Science and Technology of Food Industry, [2024-01-04].
https://doi.org/10.13386/j.issn1002-0306.2023070212. ]

[19] RIR, 4R R, £ B2, F. KT GC-IMS #= GC-MS H A%
A F R A TR XA A AR LR 0 e [T]. R
I b AF3E, 2024, 45(11):222-234. [ ZHANG Le, WEI Yixin, SHI
Guanying, et al. Analysis of the effect of drying methods on volatile
components of Toona sinensis based on GC-IMS and GC-MS com-
bined with chemometrics[J]. Science and Technology of Food In-
dustry, 2024, 45(11): 222-234. ]

[20] E35, Bk, ik, F. BT 2B EEAER AR+ 69 5 A
R R R RS A4, 2021,42(8): 179-185. [ WANG
Fang, CHEN Pan, XI Bin, et al. Research progress on the applica-

tion of ion mobility spectrometry techniques in food test[J]. Food
Research and Development, 2021, 42(8): 179-185. ]
[21] RRM, #48-F, I EE. BT B EHALR S RALH
g 8 AR B E T]. & de T kA3, 2019, 40(18): 309-318.
[ ZHOU Chenxi, ZHENG Fuping, SUN Baoguo. Research progress
on the application of ion mobility spectrometry (IMS) in food fla-
vor analysis[J]. Science and Technology of Food Industry, 2019, 40
(18):309-318. ]
[22] WANG X R, ROGERS K M, L1Y, et al. Untargeted and tar-
geted discrimination of honey collected by Apis cerana and Apis
mellifera based on volatiles using HS-GC-IMS and HS-SPME-GC-
MS[J]. Journal of Agricultural and Food Chemistry, 2019, 67:
12144-12152.
[23] X3R-F, L, H35 3, 5. KT GC-IMS $R A b 3£ 385%
LA RAER A (1], B R R SR, 2023(8): 379-388. [ LIU
Zhenping, LONG Daoqi, GAN Fangyuan, et al. Identification mod-
el for rape flower honey geographical origin based on GC-IMS tech-
nology [J]. Journal of Chinese Institute of Food Science and Tech-
nology, 2023(8): 379-388. |
[24] WANG X R, YANG S P, HE J N, et al. A green triple-locked
strategy based on volatile-compound imaging, chemometrics, and
markers to discriminate winter honey and sapium honey using
headspace gas chromatography-ion mobility spectrometry[J]. Food
Research International, 2019, 119(5): 960—967.
[25] HUF L. Chemical analyses and antimicrobial activity of nine
kinds of unifloral Chinese honeys compared to Manuka honey
(12+and 20+) [J]. Molecules, 2021, 26(9): 2778.
[26] ARROYO-MANZANARES N, GARC'TIA-NICOLAS M I,
ZAFRA-NAVARRO F, et al. A non-targeted metabolomic strategy
for characterization of the botanical origin of honey samples using
headspace gas chromatography-ion mobility spectrometry[J]. Ana-
lytical Methods, 2022, 14: 5047—5055.
[27] SCHANZMANN H, AUGUSTINI A L R M, SANDERS D,
et al. Differentiation of monofloral honey using volatile organic
compounds by HS-GCxIMS [J]. Molecules, 2022, 27: 7554.
[28 ] GERHARDT N, BIRKENMEIER M, SCHWOLOW 8, et al.
Volatile-compound fingerprinting by headspace-gas-chromatogra-
phy ion-mobility spectrometry (HS-GC-IMS) as abenchtop alterna-
tive to 1H NMR profiling for assessment of the authenticity of hon-
ey[J]. Analytical Chemistry, 2018, 90(3): 1777—-1785.
[29] SCHWOLOW S, GERHARDT N, ROHN S, et al. Data fu-
sion of GC-IMS data and FT-MIR spectra for the authentication of
olive oils and honeys-is it worth to go the extra mile?[J]. Analytical
and Bioanalytical Chemistry, 2019, 411(23): 6005-6019.
[30] A, ek, 5 &%, F. A TAAEH-& T EHEENk
HEF B RKERSGERE ], R K22 HFHAF IR, 2023,
14(21):201-209. [ LONG Men, LI Wangwang, FANG Zhiao, et
al. Identification of rape honey mixed with locust honey based on
gas chromatography-ion mobility spectrometry[J]. Journal of Food
Safety & Quality, 2023, 14(21): 201-209. ]
[31] ALIAO-GONZALEZ M J, FERREIRO-GONZALEZ M, ES-
PADA-BELLIDO E, et al. Novel method based on ion mobility
spectroscopy for the quantification of adulterants in honeys[J].
Food Control, 2020, 114: 107236.
[32] ZHANG G Z, TIAN J, ZHANG Y Z, et al. Investigation of
the maturity evaluation indicator of honey in natural ripening pro-
cess: The case of rape honey[J]. Foods, 2021, 10(11): 2882.
[33] SONIA S, LILIANA G, ISABEL M, et al. Novel diagnostic
tools for Asian (Apis cerana) and European (Apis mellifera) honey


https://doi.org/10.1039/D1RA00069A
https://doi.org/10.1016/j.foodchem.2019.126158
https://doi.org/10.1016/j.lwt.2021.112153
https://doi.org/10.1016/j.lwt.2021.112153
https://doi.org/10.1016/j.lwt.2021.112153
https://doi.org/10.3390/molecules24152706
https://doi.org/10.1021/acs.jafc.9b04438
https://doi.org/10.3390/molecules26092778
https://doi.org/10.1039/D2AY01479C
https://doi.org/10.1039/D2AY01479C
https://doi.org/10.3390/molecules27217554
https://doi.org/10.1021/acs.analchem.7b03748
https://doi.org/10.1007/s00216-019-01978-w
https://doi.org/10.1007/s00216-019-01978-w
https://doi.org/10.1016/j.foodcont.2020.107236
https://doi.org/10.3390/foods10112882

- 410 - £ Tl B4

20244 7 A

authentication [J]. Food Research International, 2018, 105: 686—193.
[34] ZHANGY Z, CHEN Y F, WU Y Q, et al. Discrimination of
the entomological origin of honey according to the secretions of the
bee (Apis cerana or Apis mellifera) [J]. Food Research Internation-
al, 2019, 116: 362-369.
[35] HE X J, WANG W X, QIN Q H, et al. Assessment of flight
activity and homing ability in Asian and European honey bee
species, Apis cerana and Apis mellifera, measured with radio fre-
quency tags[J]. Apidologie, 2013, 44(1): 38-51.
[36] &AM, ATk Eid $BMETEE FHMRE SR
Y A2 AR [D]. AR ¥ B R LA F R, 2021, [ CAI Dong-
mei. Identification and quantitative study of animal-derived proteins
in honey based on liquid chromatography-tandem mass spectrome-
try[D]. Beijing: Chinese Academy of Agricultural Sciences,
2021. ]
[37] UTZERIV J, RIBANI A, FONTANESI L. Authentication of
honey based on a DNA method to differentiate Apis mellifera sub-
species: Application to Sicilian honey bee (4. m. siciliana) and
Iberian honey bee (4. m. iberiensis) honeys[J]. Food Control, 2018,
91:294-301.
[38 ] ADGABAN, AL-GHAMDI A A, GETACHEW A, et al. Cha-
racterization of honeys by their botanical and geographical origins
based on physico-chemical properties and chemo-metrics analysis
[J]. Journal of Food Measurement & Characterization, 2017, 11(3):
1106—-1117.
[39] %, X &, shak, F. FifS Rib RERE R F WA AE
5 srstem mALRI AT 20 [T). AR 524k, 2021, 35(3): 635-642. [ TAN
Yang, LIU Zhi, HAN Yan, et al. Stable isotope signatures of rape
honey in Qinghai Province and their response mechanisms to envi-
ronmental factors[J]. Journal of Nuclear Agricultural Sciences,
2021, 35(3): 635-642. |
[40] WU F H, ZHAO H A, SUN J, et al. ICP-MS-based ionomics
method for discriminating the geographical origin of honey of Apis
cerana Fabricius[J]. Food Chemistry, 2021, 354: 129568.
[41] sRwede, #3% W4K 49 % 20R A0 &3 M R BH 38 5 R
4P A A T, RS AR5 I AL, 2019, 40(16): 74-79.
[ ZHANG Xiaohua. Determination of sugars in honey by high per-
formance liquid chromatography and its application in honey quali-
ty control[J]. Food Research and Development, 2019, 40(16): 74—
79. ]
[42] YAACOBK W S AW N S. Detection techniques for adulter-
ants in honey: Challenges and recent trends[J]. Journal of Food
Composition and Analysis, 2019, 80: 16—32.
[ 43 ] CONSONNIR, CAGLIANI L R. Recent developments in ho-
ney characterization[J]. Rsc Advances, 2015, 5(73): 59696—59714.
[44] R—W, g, 35,5 %E AL fothm F ARt
R[], 3 R 5 F ORI S A58, 2018, 44(6): 649-658.

[ ZHANG Yifan, CHEN Qi, CUI Zongyan, et al. Research progress
in authenticity identification and detection technology of honey[J].
Journal of Zhejiang University (Agriculture and Life Sciences), 2018,
44(6): 649-658. ]

[45] GEANA E I, CIUCURE C T. Establishing authenticity of
honey via comprehensive Romanian honey analysis[J]. Food Chem-
istry, 2019, 306: 125595.

[46] ZHANG G, ABDULLA W. On honey authentication and
adulterant detection techniques [J]. Food Control, 2022, 138: 108992.
[47] CHENT, QI X P, CHEN M J, et al. Discrimination of Chi-
nese yellow wine from different origins based on flavor finger-
print[J]. Acta Chromatographica, 2019, 32(2): 1-6.

[48 ] BRENDEL R, SCHWOLOW S, ROHN 8, et al. Gas-phase
volatilomic approaches for quality control of brewing hops based on
simultaneous GC-MS-IMS and machine learning[J]. Analytical and
Bioanalytical Chemistry, 2020, 412(26): 7085-7097.

[49 ] JING Q, HUANG X Y, LU C H, et al. Identification of char-
acteristic flavour compounds and quality analysis in extra virgin
olive oil based on HS-GC-IMS[J]. International Journal of Food
Science & Technology, 2022, 57(9): 6211-6225.

[50] ARROYO-MANZANARES N, MARTIN-GOMEZ A, JU-
RADO-CAMPOS N, et al. Target vs spectral fingerprint data analy-
sis of Iberian ham samples for avoiding labelling fraud using
headspace-gas chromatography-ion mobility spectrometry [J]. Food
Chemistry, 2018, 246: 65-73.

[51] HSUH. A0 B T 2B 3% E F e 37 1R 547 F 49
A [D]. 2 ARk X5, 2019. [ DU Wenbo. Application of
gas phase ion mobility spectrometry in the identification of goat
milk powder and donkey meat[D]. Baoding: Hebei Agricultural
University, 2019. ]

[ 52 ] MONIRUZZAMAN M, KHALIL M I, SULAIMAN S A, et
al. Physicochemical and antioxidant properties of Malaysian honeys
produced by Apis cerana, Apis dorsata and Apis mellifera[J]. Bmc
Complementary & Alternative Medicine, 2013, 13(1): 43—43.

[53] #0F. A TRMAFHRRGRAEE LS RRBEERS £
FHER (D). ®%: H K5, 2022. [ SUN Jing. The difference of
components between mature honey and immature honey by metabo-
lomics[D]. Xi'an: Northwest University, 2022. ]

(54 ] spdmam. mad s S ROk Hom R R WK A M F 7%
P BT R (D). e B R kA5 12, 2020. [ GUO Nana. A
comparative study on the composition and biological activity be-
tween naturally mature honey and immature honey from rape flow-
er[D]. Beijing: Chinese Academy of Agricultural Sciences, 2020. ]
[55] m#. w8 E g Rk a2 F R A G F NI AamiR
[D]. At #rz K 57, 2020. [ TIAN Jing. Preliminary study on the
evaluation index of maturity in natural ripening process of rape hon-

ey[D]. Hangzhou: Zhejiang University, 2020. ]


https://doi.org/10.1016/j.foodres.2017.11.081
https://doi.org/10.1016/j.foodres.2018.08.049
https://doi.org/10.1016/j.foodres.2018.08.049
https://doi.org/10.1016/j.foodres.2018.08.049
https://doi.org/10.1007/s13592-012-0156-7
https://doi.org/10.1016/j.foodcont.2018.04.010
https://doi.org/10.1016/j.foodchem.2021.129568
https://doi.org/10.1016/j.jfca.2019.04.001
https://doi.org/10.1016/j.jfca.2019.04.001
https://doi.org/10.1039/C5RA05828G
https://doi.org/10.1016/j.foodcont.2022.108992
https://doi.org/10.1007/s00216-020-02842-y
https://doi.org/10.1007/s00216-020-02842-y
https://doi.org/10.1016/j.foodchem.2017.11.008
https://doi.org/10.1016/j.foodchem.2017.11.008

	1 GC-IMS在蜂蜜蜂种鉴别中的应用
	2 GC-IMS在蜂蜜产地溯源中的应用
	3 GC-IMS在蜂蜜植物来源区分中的应用
	4 GC-IMS在蜂蜜掺假鉴别中的应用
	5 GC-IMS在蜂蜜成熟度评价中的应用
	6 总结与展望
	参考文献

