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Metabolite Difference Analysis for Guizhou Specialty Honey Based on

GC-MS Untargeted Metabolomics
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Abstract: Two kinds of mature Apis cerana honey, specifically blueberry and wild rose honeys, were chosen to represent Guizhou
specialty honey, while vitex and osmanthus honeys were chosen as controls. Gas chromatography-mass spectrometry (GC-MS)-based
untargeted metabolomics was employed to perform clustering and functional enrichment analyses on the metabolites of the specialty honey,
followed by the screening of differential metabolites and functional annotations. Among the four honeys, the analysis detected a total of 90
metabolites and enrichment in 210 pathways, of which the top 20 pathways belonged to three types: carbohydrate metabolism (8), overview (9),
and membrane transport (3). Norepinephrine (NE) was detected in all four honeys and was enriched by saliva, gastric acid, and pancreatic
secretions. Additionally, twelve significantly different metabolites (VIP>1, log,FC>1 and p<0.05), including 2-ketobutyric acid, stearic acid, and
inositol, were detected. Moreover, 2-ketobutyric acid and 3-hexanedioic acid were found to be characteristic substances that were unique to
blueberry and wild rose honeys, respectively. The abilities of the honeys to improve human digestion, absorption, and protein synthesis were
ranked in the following order: osmanthus honey > vitex honey > blueberry honey > wild rose honey. Thus, by analyzing the differences in
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nutritional components from a metabolomics perspective, the characteristic substances in blueberry and wild rose honeys were preliminarily

determined. Therefore, the results provide a reference for identifying the authenticity and traceability of honeys.
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Table 1 Metabolite name, retention time, qualifier ion and other information

AR FEARE CRHRE R E/mn ARARE EEET
Analyte 3 0 6.35261,0 44 281
Analyte 5 0 6.39239,0 44 204
Analyte 8 0 6.41937,0 39 281
Analyte 9 0 6.45627,0 44 221

Analyte 13 0 6.49777,0 40 147
Analyte 14 0 6.51933,0 44 98
Analyte 23 0 6.68171,0 41 121
Analyte 26 0 6.74124,0 44 281
Analyte 31 0 6.8183,0 44 248
Analyte 33 0 6.86119,0 43 207
Analyte 37 0 6.89836,0 44 160
Analyte 40 0 6.96115,0 44 93
Analyte 42 0 7.0053,0 44 248
Analyte 43 0 7.02688,0 44 147
Analyte 46 0 7.08008,0 41 136
Analyte 48 0 7.12373,0 44 207
2-hydroxypyridine 838.41 7.2053,0 44 152
Analyte 56 0 7.25542,0 44 221
Analyte 65 0 7.45279,0 44 174
Unknown 550.61 7.54773,0 44 147
Analyte 70 0 7.57227,0 44 221
Analyte 71 0 7.63885,0 44 225
Glycolic acid 825.19 7.70997,0 44 147
Analyte 77 0 7.81452,0 44 69
Analyte 88 0 7.9738,0 40 151
2-ketobutyric acid 1 294.58 8.17539,0 44 57
Analyte 100 0 8.15852,0 36 174
Analyte 104 0 8.29752,0 44 73
Analyte 105 0 8.31758,0 38 71
Analyte 110 0 8.48352,0 44 147
Analyte 113 0 8.52533,0 44 130
3-Hydroxypropionic acid 1 496.18 8.63209,0 44 147
Analyte 118 0 8.68461,0 44 267
Analyte 119 0 8.70658,0 44 191
Analyte 120 0 8.72803,0 42 89
Analyte 124 0 8.90315,0 43 141
Sulfuric acid 427.76 8.98239,0 44 281
Analyte 131 0 9.12039,0 44 207
Analyte 134 0 9.1714,0 43 221
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ey
AR FEARE CRHRE R E/mn ARARE EEFRT
Analyte 143 0 9.40667,0 44 221
Analyte 145 0 9.49179,0 44 226
Methylmalonic acid 446.14 9.53567,0 44 281
Analyte 148 0 9.57352,0 44 57
Analyte 154 0 9.78527,0 44 281
Citraconic acid degrl 261.17 10.0087,0 43 68
4-Methylbenzyl alcohol 320.04 10.4339,0 41 130
Proline 813.15 10.8564,0 40 142
Maleic acid 534.33 10.8987,0 44 129
Analyte 199 0 11.4269,0 37 207
Analyte 202 0 11.5005,0 42 57
Alanine 2 346.77 11.7468,0 44 174
3-Aminoisobutyric acid 1 485.74 12.9967,0 44 174
Analyte 237 0 13.4203,0 43 305
Analyte 238 0 13.4393,0 44 57
3-Hexenedioic acid 324.40 13.7475,0 44 305
Glutamine 3 261.43 14.0049,0 43 71
Analyte 269 0 14.7091,0 44 217
Digitoxose 1 372.32 14.7883,0 41 204
Analyte 272 0 14.8142,0 44 217
Allose 1 565.91 15.2616,0 44 204
Ribitol 909.39 16.1078,0 44 73
Unknown 573.91 16.4946,0 37 217
Glucose-1-phosphate 764.6818 16.5845,0 44 217
Analyte 308 0 16.7297,0 43 217
Unknown 623.32 18.0081,0 37 79
Mannose 2 891.44 18.1583,0 44 320
Galactose 2 899.16 18.2873,0 44 320
Gluconic lactone 3 321.00 18.3124.,0 42 275
Analyte 360 0 18.5836,0 44 361
Analyte 363 0 18.7428,0 44 204
Analyte 373 0 19.2131,0 44 204
Palmitic acid 910.27 19.5009,0 44 117
Myo-inositol 926.34 19.8336,0 44 217
Trans-3,5-Dimethoxy-4-hydRoxycinnamaldehyde 1 31843 20.1478,0 42 174
Noradrenaline 578.11 20.4976,0 44 174
Analyte 389 0 20.6076,0 40 57
Linolenic acid 313.63 21.0585,0 44 76
Stearic acid 832.05 21.3114,0 44 117
Analyte 407 0 24.1651,0 42 73
Unknown 539.75 24.2879,0 19 73
Sucrose 913.20 24.3698,0 44 73
Analyte 410 0 24.5077,0 44 204
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g1
2 AR FHAeE FHRGEE/mn dke FEET

Lactose 2 626.84 24.7063,0 44 217
Lactulose 1 624.64 24.8309,0 44 217
Unknown 607.37 24.9581,0 38 217
Maltose 899.50 25.0127,0 44 361
Unknown 683.94 25.0799,0 20 437
Trehalose 674.50 25.2263,0 44 437
Unknown 723.64 25.3104,0 25 160
Sophorose 2 890.27 25.4963,0 44 319
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Table 2 Top 10 KEGG pathways of differential metabolites enrichment between blueberry honey and vitex honey

ERS @4 1D B3 b £ FKifth
ABC iz #y ABC transporters k002010 2
AXi#1£41%2 Metabolic pathways ko01100 2
KRB 04 A 496, Biosynthesis of secondary metabolites ko01110 2
A4 Ji B MK Mineral absorption ko04978 1
RILBR & )4k, Biosynthesis of amino acids k001230 1
ZBERNA A 434 m, Aminoacyl-tRNA biosynthesis k000970 1
BEBR 45 4% B % 4% Phosphotransferase system (PTS) k002060 1
FRIKA A 7K A ARl Carbohydrate digestion and absorption k004973 1
&8 f H kAR Protein digestion and absorption ko04974 1
FaJE T 49 F ARBKAX T Central carbon metabolism in cancer k005230 1

*3 BEEE v FEEEERNRIIIEEAT 10 KEGE B
Table 3 Top 10 KEGG pathways of different metabolites enrichment between blueberry honey and wild osmanthus honey

RS

AXigHi& 42 Metabolic pathways

R EBARSH) £ HE AR, Biosynthesis of secondary metabolites

ABC %1 ABC transporters

HBR 4% 75 B4 % %% Phosphotransferase system (PTS)
Ay Fa EAEAXHE Starch and sucrose metabolism
FoR e BR 2k Ao BRER 3 4X34F Ascorbate and aldarate metabolism
FEERBEILEZAZ 5 £ 45 Phosphatidylinositol signaling system
TR IRBE A% 4 49 4K34 Microbial metabolism in diverse environments
BRIKAL A4 K AL FavBOl Carbohydrate digestion and absorption
FBR ILBZ X8t Inositol phosphate metabolism

W% ID  AEFE L £ FRE
ko01100 3
ko01110 3
k002010 3
k002060 2
k000500 2
k000053 1
k004070 1
ko01120 1
k004973 1
k000562 1
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Table 4 Top 10 KEGG pathways of differentiated metabolites enrichment between vitex honey and wild osmanthus honey

I W@ ID  AF 5l oy £ F Rt
AXi#H&42 Metabolic pathways ko01100 4
KB &£ 46~ m%, Biosynthesis of secondary metabolites  ko01110 4
ABC i % ABC transporters k002010 4
F UKo Galactose metabolism ko00052 2
HBR 45 4% B % 4% Phosphotransferase system (PTS) k002060 2
Ay Fa EAEAXHE Starch and sucrose metabolism k000500 2
Bk B M & )4, Carbapenem biosynthesis k000332 1
B (RNA A 44-m, Aminoacyl-tRNA biosynthesis ko00970 1
PSR B Ao B BRAX 34t Ascorbate and aldarate metabolism k000053 1
& M b mAEFRAEIE Overview of biosynthetic pathways ko01010 1

2233 E3REMWI KEGG IR & £

WA vs BP R RRE AU 1S MR ZE AR
JEER, 0 & EBIRI R A& il FIIRAAR
VIRIEE A S 4 46080 1. IRIERNT T, Fhes
UK A4 T B AT A TS, T s A
ME, WRAEERTEANTHE. R FIEEEA.
ISR SR E .. WHAEEAMLL, rEmEEER
R, HEA ko BEHEIIRE.

B FUEE B AR AN [ 38 R B /K AL & 0V AL A
WLUSCRE JIANTE],  BKA S PTE 3 B N A N AR
AR LA BB PO, i ko BT, W
R vs ISR ULA 2 B BRI Re ) iz AR
Y, WER. 2505 E %R ABC 26 (21 .
RiHgE 2 4 . &k (RNA EWER (1) % 18
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SETHREM A2 AR, WURE. Z22R0E. EnE o
W EEIRERE ) | BIREEIARSZ 2 .
PO IR EL AN R ERAR I (1 AN 25 14 208K (3R 3) .
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AU, FERE. WIEE, FHZER. W ) s SE
BHER 4N - REREDE R (41 | R
HRMAZ QA4 %2548 (K4 . I, &
EAT NENBER. T A &, HA
7 g 2 25 B /KA A P E N AR A TR ORI I K
#5, %5 Sancheztapia M1 Al-Waili 251045 58—

AHF T T AR AR L 2500 4 B e kAT
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12 FE R SRS IR, 44 5
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[ S G NI = 177 ) NS 7 U SR p i e o
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