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Abstract . Different nectar plants contain various secondary metabolites. Herein, the differ-

ences in the contents of endogenous metabolites in honeys from eight botanical origins (i. e.,
acacia, jujube, vitex, linden, buckwheat, manuka, wolfberry, and motherwort honeys) were
investigated by a non-targeted metabolomics-based method. This method involved solid-phase
extraction pretreatment and ultra-high performance liquid chromatography-quadrupole time-of-
flight mass spectrometry (UPLC-Q-TOF-MS"). An oasis HLB cartridge was used for the remov-
al of many saccharides. Chromatographic experiments were performed on an HSS T3 column
(100 mmx2. 1 mm, 1.8 pm) using a mobile phase that consisted of 0. 1% (v/v) formic acid in
acetonitrile and water. Mass spectrometry was conducted in the positive and negative modes by
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electrospray ionization ( ESI). Metabolic information about the honeys from different botanical
origins was acquired using a multivariate statistical analysis model. Principal component analy-
sis (PCA) and partial least square discriminant analysis ( PLS-DA) were conducted for pattern
recognition and difference analysis. PCA was performed for 10 557 and 2 706 data variables in
the positive and negative ion modes, respectively. The distribution of honeys from different
botanical origins was investigated in 88 honey samples. The three principal components exhibi-
ted 48. 05% and 57. 88% of the total variance in positive and negative ion modes, respectively.
The samples studied were divided into six different groups on the basis of their botanical origins
and metabolic compounds: linden, vitex, buckwheat, manuka, jujube, and acacia honeys. A
permutation test (7 =200) was conducted to verify the fit of the model. The differential metabo-
lites were screened on the basis of variable importance in project (VIP; >1), analysis of vari-
ance (ANOVA; p<0.05), and maximum fold change (>1.5) by using the PLS-DA model. The
compounds were identified based on the data retrieved from the Chemspider and HMDB data-
bases according to the quality information of precursor ions and fragment ions. Thirty-two dif-
ferential metabolites were screened and primarily identified according to the characteristic frag-
mentation rules of specific structure types and data retrieval, including 18 flavonoids, 7 phenol-
ic acids, 6 phenyl and terpenoid glycosides, and 1 steroid. Various flavonoids in buckwheat and
manuka honeys, such as quercetin, sakuranetin, 7-hydroxy-2-(4-hydroxy-3, 5-dimethoxyphe-
nyl ) -4H-chromen-4-one, 5,7-dihydroxy-2-( 3-methoxyphenyl ) -4H-chromen-4-one, luteolin-7-
methyl ether, and pollenitin, were found. In buckwheat honey, the contents of 3-methoxy-2-( 4-
methylbenzoyl ) -4H-chromen-4-one, 2-hydroxy-3, 4-diphenylpentanedioic acid, 3’-methoxydi-
hydroformononetin, phenylpyruvic acid, 2-O-p-coumaroyltartronic acid, 2-(3-hydroxy-4,5-dim-
ethoxyphenyl ) -4H-chromen-4-one, 7-hydroxy-6-methoxy-3-( 4-methoxyphenyl )-4H-chromen-4-
one, 4-[( 2F )-3-( 4-hydroxyphenyl ) prop-2-en-1-yl ]-3-methoxyphenol, and 7-hydroxy-5-
methoxyflavan were the highest; these compounds are the characteristic metabolites of buck-
wheat honey. In addition, manuka honey possessed the highest contents of gnaphaliin and
galangin 3-methyl ether. Moreover, linden honey contained the characteristic phenyl glycosides
of (S)-multifidol 2-[ apiosyl-(1—6)-glucoside ], 2-phenylethyl-8-D-glucopyranoside, benzyl O-
[ arabinofuranosyl-( 1 — 6)-glucoside |, crosatoside B, and terpenoid glycosides of isopentyl
gentiobioside and 6-0O-oleuropeoylsucrose. Vitex honey was found to be rich in quinic acid
derivatives such as caffeoyl-3-O-feruloyl-quinic acid/1-feruloyl-5-caffeoylquinic acid, 3-O-caf-
feoyl-4-O-methyl-quinic acid/3-feruloylquinic acid, and 3-O-caffeoyl-1-O-methyl-quinic acid, in
addition to the flavonoids of vitexin, namely, 6”-(3-hydroxy-3-methylglutarate) and apigenin-7-
[ galactosyl-( 1 —4)-mannoside ]. Moreover, ponasteroside A was a characteristic marker of
jujube honey, and the contents of 6-C-fucosylluteolin and kaempferol 3-( 2”-rhamnosylrutino-
side) were the highest in acacia honey. In conclusion, the method based on non-targeted
metabolomics involving UPLC-Q-TOF-MS" for different unifloral honeys was found to be fast,
effective, specific, and accurate. The differences in metabolite contents and the characteristic
compounds in various unifloral honeys were preliminarily illustrated. This study provides an
effective analytical strategy for honey traceability and quality analysis of unifloral honey.

Key words: ultra-high performance liquid chromatography ( UPLC) ; quadrupole time-of-flight
mass spectrometry ( Q-TOF-MS ); plant metabolomics; unifloral honey; chemometrics;
traceability recognition
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Table 1 Tentatively identified potential honey markers using UPLC-Q-TOF-MS in ESI (-)/ESI (+) mode

Precursor ion Fragment Score

No. RTa/ Elemental Mass ion Tentative identification (F Highest Lowest
min m/z Ton . mean mean
composition error/mDa (m/z) score”)
1 3.20 265.0355 M-H C,H,,0, 0.7 206.0821 2-O-p-coumaroyltartronic acid 37.7 buckwheat vitex
2  4.66 549.1827 M+FA-H C,H3, 05 0.8 503.1770 46.8 linden manuka
487.1457 -51.8
323.0984
3 4.80 393.1762 M-H,0-H C;H;,0, 0.2 365.1812 isopentyl gentiobioside 40.0 linden buckwheat
347.1708 =245
205.0713
137.0243
4 5.15 593.1525 M-H C,,H4, 06 1.9 473.1109 apigenin-7-[ galactosyl-( 1—4)- 37.9  vitex manuka
341.1088 mannoside | -10.2
121.0290
5 5.27 445.1706 M-H C,5sH,,04 0.3 327.1086 crosatoside B 48.9  linden wolfberry
295.1198 -60.0
6 529 507.2082 M-H C,H30,5 0.4 445.1700 6-O-oleuropeoylsucrose 44.1  linden manuka
323.0988 -32.5
221.0670
183.1027
7 5.65 739.2100 M-H C;3HyOy 1.5 593.1532 kaempferol 3-(2"-rhamnosylru- 42.1 acacia buckwheat
447.0950 tinoside ) -40.1
8 6.18 163.0401 M-H CyHg 04 0.6 119.0502 phenylpyruvic acid 56.3 buckwheat acacia
-88.2
9 6.00 367.1036 M-H C,,H,,04 0.7 263.0946 3-O-caffeoyl-1-O-methylquinic 42,3 vitex manuka
179.0363 acid -21.0
135.0452
10 6.34 367.1037 M-H C,,H,,04 0.8 147.0451 3-O-caffeoyl-4-O-methylquinic 38.4  vitex manuka
135.0452 acid/3-feruloylquinic acid -2.9
11 6.54 401.1454 M-H CsHy 0, 0.6 369.1202 benzyl O-[ arabinofuranosyl- 39.6 linden buckwheat
292.0948 (1—6)-glucoside ] -10.2
12 7.44 557.1317 M-H,0-H C,,Hy;O0,, 2.2 431.0991 vitexin 6”-( 3-hydroxy-3-methyl- 46.8  vitex manuka
395.0987 glutarate ) -56.6
135.0450
13 7.61 297.0779 M-H C,,H,,04 1.6 203.0364 2-( 3-hydroxy-4,5-dimethoxyphe- 41.3  buckwheat  vitex
151.0401 nyl)-4H-chromen-4-one =222
14 7.62 237.0923 M-H,0-H C,;H,;0; 0.8 151.0771 7-hydroxy-5-methoxyflavan 39.8 buckwheat vitex
143.0504 -10.8
131.0508
15 8.10 529.1360 M-H CysHys Oy 1.4 367.1044 4-O-caffeoyl-3-O-feruloylquinic acid/  37.4  vitex acacia
161.0262 1-feruloyl-5-caffeoylquinic acid =7.7
135.0451
16 823 431.0996 M-H C, Hy 0y 0.8 343.0842 6-C-fucosylluteolin 39.5 acacia buckwheat
284.0338 -17.5
17 8.46 301.0355 M-H C,sH,,0, 0.7 151.0037 quercetin 42.6 manuka acacia
(25.2)¢
18 8.58 567.2445 2M-H C4H,,O4 0.4 119.0502 2-phenylethyl-B-D-glucopyranoside 39.1 linden buckwheat
-0.1
19 8.60 237.0919 M-H,O0-H C,;H (O, 0.4 163.0765 xenognosin A 41.0 buckwheat  vitex
119.0503 -16.6
20 8.86 281.0825 M-H,0-H C;H,,O4 1.1 235.0765 3’-methoxydihydroformononetin 40.3 buckwheat  vitex
207.0662 -14.9

163.0764
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Table 1 (Continued)
RT?/ Precursor lon Fragment 50T Highest  Lowest
No. i Elemental Mass ion Tentative identification (F
min m/z Ton L. mean mean
composition error/mDa (m/z) score®)
21 9.24 281.0822 M-H,0-H CH,,O;s 0.8  237.0923 2-hydroxy-3,4-diphenylpentanedioic ~ 47.8 buckwheat  vitex
235.0760 acid -51.9
22 10.00 339.0879 M+FA-H CH,,0, 0.6 307.0618 3-methoxy-2-(4-methylbenzoyl ) - 46.2 buckwheat  vitex
263.0717 4H-chromen-4-one -42.3
23 10.28 283.0619 M-H C,¢H,,05 1.3 239.0361 galangin 3-methyl ether 44.6 manuka Jjujube
211.0419 -37.5
24 10.56 315.0515 M-H C,¢H,,0, 1.0 165.0201 pollenitin 39.3  manuka vitex
92.0263 -11.2
25 10.72 279.0667 M-H,0-H CH,,0O4 1.0 251.0723 7-hydroxy-6-methoxy-3- ( 4-me- 41.7 buckwheat linden
250.0654 thoxyphenyl)-4H-chromen-4-one -23.6
26 11.55 283.0619 M-H C,H,,04 1.3 268.0387 5,7-dihydroxy-2-( 3-methoxyphe- 54.7 buckwheat jujube
nyl) -4H-chromen-4-one -87.2
27 11.59 285.0770 M-H C,¢H,,05 0.8 243.0669 sakuranetin 39.6 buckwheat acacia
136.0166 (10.4)1¢
28 11.81 299.0565 M-H C,sH,04 1.0 284.0330 luteolin 7-methyl ether 41.0 buckwheat acacia
161.0250 -18.2
29 11.88 313.0720 M-H C,,H,,O4 0.7 253.0511 gnaphaliin 48.1 manuka vitex
271.0600 -51.3
281.0836
30 12.22 313.0721 M-H C,,H,,04 0.6  298.0479 7-hydroxy-2-(4-hydroxy-3,5-dime-  44.9 buckwheat jujube
253.0510 thoxyphenyl)-4H-chromen-4-one -36.9
163.0407
31 5.89 812.2626 M+H+ACN C;,H, 0 -1.3 795.2551 isorhamnetin 3-rutinoside 4’'-rham- 26.6  jujube acacia
705.2469 noside -11.2
658.2361
289.0338
32 6.24 591.3534 M+H-2H,0 C;;Hs, 0y, -0.1 284.1420 ponasteroside A 37.7  jujube linden
-1.94

a. retention time; b. fragmentation score; c. confirmed by the standard of quercetin; d. confirmed by the standard of sakuranetin.
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