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Abstract: This study aims to investigate the potential of dietary supplementation with wolfberry honey in improving
inflammatory bowel disease. Wolfberry honey was collected from different apiaries in the widely cultivated wolfberry area
of Golmud, Qinghai Province. Ultra-high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)-
based widely targeted metabolomics was used to identify the metabolites in wolfberry honey. The main physicochemical
indicators (proline content, glucose oxidase, hydrogen peroxide, total phenolic acids, total flavonoids) and antioxidant
activity were measured. The effect of woltberry honey supplementation (5 g/kg) on the gut microbiota in dextran sulfate
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sodium (DSS)-induced ulcerative colitis mice was assessed using 16S rRNA sequencing. The results showed that the
glucose oxidase activity in wolfberry honey was 54.49 ng/g-0.5 h, proline content was 390.00 pg/g, and hydrogen peroxide
content was 42.68 umol/L. The total phenolic acid content was 108.00 mg GAE/kg, and the total flavonoid content was
42.47 mg/100 g. The iron ion reducing capacity (FRAP) was 0.58 mmol/L Fe*'/kg. The ability of wolfberry honey to
scavenge DPPH, ABTS cation, and hydroxyl radicals increased with concentration, with the highest activity observed in
scavenging ABTS cation radicals, showing an ECy, of 62.94 mg/mL. A total of 1201 metabolites were identified in
wolfberry honey by UPLC-MS/MS, with lipids (16.94%) being the largest group, followed by carbohydrates and their
derivatives (15.29%), flavonoids (13.64%), amino acids and derivatives (13.22%), alkaloids (10.74%), and phenolic acids
(7.44%). For the first time, wolfberry spermidine-like compounds were identified in wolfberry honey, which could serve as
biomarkers for authenticity. Wolfberry honey significantly increased the relative abundance of beneficial bacteria in the gut
of DSS-induced colitis mice, such as norank f Muribaculaceae, Lactobacillus, Candidatus_Saccharimonas, and
Faecalibaculum, and reduced the relative abundance of harmful bacteria like Escherichia-Shigella, thus maintaining gut
ecological balance. This study provides a comprehensive analysis of the chemical composition of wolfberry honey and
offers a theoretical basis for its application in the prevention and treatment of ulcerative colitis.
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B 5% (Terpenoids)1.65%
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Fig.4 Composition of metabolite classes of wolfberry honey
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Table 2 Main saccharides in wolfberry honey

X
feapy HER mmeet ORT TET
m/z m/z
-7 7 - 1 —

D f*ﬁﬁic(i% Threonic o, MH] 13503 75.01
D-#A =M (D-Melezitose)  C,gH;,0, [M-H"  503.16 323.10
H#% =M (Manninotriose)  C,gH3,0,4 [M-H]"  503.16 383.12

% 4% (Melibiose) C,Hy,0y, [M-H]”  341.11 113.02

D-24# (D-Fructose) CH,,04 [M-H]”  179.06 59.01

3-JA-L-JRHER (3- -

Dehydro-L-threonic acid) C4HeOs (M-H] 13301 71.01

D-Z 2E DU (D- .
Maltotetraose ) CosHin0y (M-H] 665.21 16104

D-FLB# (D-Lactose) C,H,,0;,  [M-HI 34111 89.02
=M (Maltotriose) ~ CjgH;,0,4  [M+Na]®  527.16 365.10

5#22 2FTip¥% (Isomaltulose)  Cj,H,0,,
WUBE:FUB (Galactinol)  Cp,H,,0y;

[M-H]”  341.11 89.02
[M-H]  341.11 179.06

D-if## (D-Panose) CigHpOy  [M-HI 503.16  179.06
D-AHHZ (D-Xylonic acid)  C5H,,0, [M-HI” 16504  75.01
i F#¥ (Raffinose) CigHpO)  [M-HIT 50316 179.00
Hi%BERR (Gluconic acid)  CgH,,0; [M-H]”  195.05 75.01
D-Hiij A HR-1,5- P11 (D- .
Glucono-1,5-lactone) CeH1o0g [M-H”  177.04  59.01
D-HIEIRER: (D- .
Glucoronic acid) CeHy0, (M-H] 193.04 7299
ILEE (Inositol) CeH,,04 [M-H]T  179.05  59.01
D-#E#E (D-Sucrose) C,H»0,, [M-H 34111 119.03
2 2EHBE (Isomaltulose)  C,H,,0, [M-H]T 34111 59.01
1,6-JBi /K -p-D-Ti %k (1,6- .
Anhydro-f-D-glucose) CeH 05 [M-H  161.05  71.01
DL-AH% (DL-Xylose) CsH,,05 [M-H]” 149.05  59.01
3 R R (3 .
Fucosyllactose) CigH305 [M-H] 487.18  145.06
i Z Wk (Laminaran) ~ C¢H;,0¢ [M-H  503.16 113.02
D-i%i## (D-Glucose) CeH,,04 [M-H  179.06  59.01

o-D- T EREE-(1-1')-3"-
A3 - L p-D-H AR
(a-D-Glucosyl-(1—-1')-3'-  C,,H,3NO,,
amino-3'-deoxy-f-D-
glucoside)

[M+H]"  342.14 162.07

IEIZW) BORAFCIE B AR IEAR Y . Ak, i M
HTFAZR L UK . 2t IR R Y T
RGP AEYIETEEIISEEY) . X BEE RS oy
i A B BTRFVE T G IE EREIE .
fn, FETEAN 2R E W UIE S A 0 i NF-«B {5 518
i BRI TR (ROS) iy A2 290, [R] ), FEEAA 21
AEVA Y inil B RS A, PR EAT o i AR B, 30 B0 B
BEHHEO . HeAh, MAC I LR T R R B,
Lt ZR-7-O- M AP . AR R ER -4-O-F EIpH
LA 193 -3-O- 25 Ml 1 -7-O- i 2 Bl 1 55 o X Ll
LA EAT BRI/ Nz SRR BT, it ALh
¥ )5 8 i TE B RREAISS, B B AR B ) i Al ™
Wy, 205500 R AR, RARPTR S 5RO )
e ANFTEHGE, PIERE Y RENS e Y 2R
GBS AL &, Bl BAT Z R
WHPERSH TR AL, XSRS AR B B A
LEWIIEE, A T BEVE N Ry A B E A P
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Table 3 Main flavonoids in wolfberry honey
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Table 4 Main phenolic acids in wolfberry honey

fetr AFR mmmk O T TET et AFR wmpet AT TET

m/z m/z m/z m/z

BTk 24T (Afzelin) C,,H,,0 [M-H 43110 285.04 WINMERR K 2 1
o e 212010 ) (Phenethyl caffeate) C;H,O, [M-H] 283.10 135.04
FBF (Baimaside) CyH300,;  [MHH] 627.16 303.06 BT -
- Xof 7 5 IR -4-O- R A B

WHRRT-O-MHBET IM-H] 463.09 301.04 (p-Coumaric acﬁ-ofr CisHigOg  [M-HI'  325.09 163.04

(Quercetin-7-O-glucoside) ~21"720~12 : : alucoside) 157188 ’ ’

BLBEH (Hyperin) - CyHyOpp  [M-HD 463.09 300.03 AR (Terephthalic acid) CgHO,  [M-H]  165.02  121.03

Je#8 % (Pinocembrin)  C5H,,0, [M+H]" 257.08 153.02 PR IS a5

JIMFAZ (Pinobanksin)  C,gH,,05 [M-+H]" 273.08  199.08 (2-Hydroxy—B—P(lilgnylpropanoic CoH,jO;  [M-H]" 165.06 103.06

N N _ acl
At 0L A6 (Carthamone)  C, Hy,Oy, [M-H] 447.09 285.04 . "
. : o FEIEMEER (a- CoHO;  [M-H]"
7T (Rutin) Cy:H30046 [M+H] 611.16 303.05 Hydroxycinnamic acid) oHgO;  [M-H] 163.04 119.05

St % (Isoquercitrin)  CpHy0,  [M+H]™  465.10 303.05 2B EER (2- CHO, [MH 16304 11905

3-0-F A 2 (3-0- . Hydroxycinnamic acid) 9783 : : :
Methylquercetin) C,H,,0, [M-H] 315.05 271.02 3 (AL 7

ABREFF (Cynaroside)  CyHyO,  [M+H]™  449.11 287.06 “‘%;(13;3;‘@3‘;3‘“)‘ CoHygO5  [M-H] 165.06  119.05
JEFAZ (Taxifolin) C;sH,,0 M-H] " L

LA E (Taxifo ln' 15t112Y7 [ ] 303.05 125.02 WIERS (Caffeic acid) CHO, [MH] 17903 13505

AR (Aromadendrin) - C,sH,,0  [MH)™  289.07 215.07 J5 LR (Protocatechuic acid)  C,HO,  [M-H]" 153.02  109.03

PRILZR 76Uy - B .

2% BE-7-O- 2 ey b o
(Kaempferol-7-0-  CyHyO,,  [M-H] 43110 285.04 34,5-ZRIE6- (4 HASUIL)
rhamnoside ) %L&—Z—%Zﬁa

o (3,4,5-Trihydroxy-6-(4- CyoH;0O; [M+H]" 38320 267.12

R -T-O- M4 B octylphenoxy) oxane-2-

(Aromadendrir;—7-0- C,H,,0,, [M-H] 449.11 287.06 carboxylic acid)

glucoside e TR
T 4 -
WEFFFIEH (Amoenin)  CyHyOy, [M+H]" 449.11 287.06 (Raspberryketone glucoside) CigH0;  [M-HT - 325.13 145.07
3 AT O A SR W iR i
6 %%mﬁ%ﬁ%ﬁﬂ O-=1ij ST B Phhalic O, MHHT 14002 6504
(6-Hydr0xyiaempferol- CastlygOn [M-+HT" 78920 303.05 26— ;\IT% iy
-O-tri i 6-— 8 ZS _
7{(3@,6,7 ; trlglu%omd;:ﬁ (2,6-Di-tert-butylphenol ) C,HnO  [M-H]" 205.16 189.13
AR R -4 -O- A " _ —
=0 ' CyHy0 [M+H] 449.11  287.05 R _HIR T ER
Luteolin-4'-O-gl 2182011 n
( ute;; ig}ucomde) (Dibutylphthalate) CiHpO0, [M+H]" 279.16 149.02

6- < Br-7-0- L . _

l%%%% ) THFRHE (Methyl syringate)  C,gH,,05 [M-H  211.06 18101

(6-Hydroxykaempferol-7- CoiHy0p [M+H] 465.10 - 303.10 IRIE R -O-pB-D-MH M i
O-glucoside) (Phenyllpropionic aqi(jd—)O—ﬂ—D— CisH;gOg  [M-H]"  325.09 119.05

335_:&%&%1—1‘% (3’5_ . glucopyranoside
Diacetyltambulin) ~ C2H00s [M¥HI" 429,12 385.09 HORTEE (Methyl cumalate)  C,H,0, [M-H  153.02  109.03

FAAF (Spiracoside)  C,H, O M-H] _ . AL AT

}'5‘ piracoside 51H5001, [ ] 463.09 301.04 (SVSGF'@*}?%%ME*ﬂM.d) CoHyO, [M-H] 38717 207.10

PEL B (Nepetin) C,H,,0, [M+H]" 317.07  302.04 -Glucosyloxyjasmanic aci

Wit He 22-3-0- L FLIE T "

(Quercetin3-O-galactoside) CaHy0p [M+H] 465.10 303.05 [F12500, M TTAE SR ARLE5 I 8 i A b R I EAE A o
Wit Fz % -5-0-B-D-Hj A Wi yez AR Z Y R ARk AL
BRI on pemr asio ses SR LTEHICEREN S H - 0
glucoside) Ze gy, PTREIE L YN SN I . RAE(S 538 B X W
¥ S i N b Ty Jz Pz
SHIER-36.0- TRRELA K, SRR 2T M54 T AT
(6-Hydroxykaempferol-3,6- 27007 [MFHTT 627,16 303.10 A e 2 e e L R S T 106 F,
O-diglucoside)
i o No T HERR . IR LASER . WmMERR
SLFR#E (Rhodiolgin)  CpHyO,  [MAH]  465.10  303.05 = 4 PR, EEAFEM 1Fiﬁ;a\ JEJLASER . WMERE R 2,
g " . N -

e 2-3-0- LT M. T IR TR A PREIR A5 . IR B A e T
(Quercetin-3-O- C,,H;,0 [M-H]” 609.15 300.03 ok HA B e S Ry
robinobioside) 27113016 KERFEY), BA B FENPUARLI . BTRFPURETTEME,

T T CoHO MHEF 62716 465.10 TEVEE SE AR PR I M AR 1718 B AR A 7 T R4

(Rhodioflavonoside) 273017 : : EETAER . il L v NN

: o H, MMERRAS 218 (CAPE) & #IESK
IIZSH (Camelliaside A)  Cy3H,,0 [M+H]’ 75722 287.06 N SR, -~ e SN
AR 2.5 0T AT AE AP NF-«B A5 5 38 g Ay e 4 SRSk,
e DRSS I SRR 1) SR S IR
(6-Hydroxyluteolin 5-  C2ifl20012 [M-HI"463.09 301.03 e i .
glucoside) BEAR, Myt & S A e, A e 141 Fh
LIz -3-0- 2 FH 1F-7-0- WIS Sr, ANF= 5 PR . WSy i te b 24
N H " . S ST N IR
(Kaempferol-3-O- CastlygOy  [MHH] 757.22 287.06 FIRER =Pt o8 vh & gl o HAA a2 P8 L B
tinoside-7-O-gl id “w N N e
r;#%* . O’il‘;f;;; A5AP HA 5 B 22 R IR, 33— 2R3 ) B 4 P
1A H-3-0- 25 " . o s
(Patuletin-3-O-rutinoside ) Casll2017 [M+H] 641.17  317.06 AT G 2 K A BN ) B 2H BB 4o
[ = ; > =R 1 5
HTQ7KD% (Rutin C27H36019 [M'3H20+H]+ 611.16 303.06 Ej‘jﬁg E@IEE, jgm%ﬁﬁ&*ﬁ*ﬂ%%*%ﬁ%

trihydrate)

H 8 FHIFCIEAS I 5 (UL 6), iX BB s e AT Y
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Table 5 Main alkaloids in wolfberry honey
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Table 6 Lycibarbarspermidines in wolfberry honey

fetr HER mmkat AT AT e HER wmby CHT TR
m/z m/z m/z m/z
Bt Bz H + I e
BRI (Stearamide) — CiiHoNO— [MFHI 28430 102,09 (Lycigﬁiﬂiﬁﬁmﬁigne Ay CoHeN:O, [M-H 63228 470.23
WER (Caffeine) CeH(oN,O, [M+H]'  195.09 83.06 U
; WA B -
c?ﬁffigfﬁgsiﬂa C;;HgN, O, [M+H]" 25114 105.07 (Lycibarbarspermidine B) C3HyN;Opp [M-HI  632.28  470.23
- MR I C _
?éﬁﬂ%%ﬁ%iég_ CgHoNO, [M+H]" 314.14 177.05 (Lycibarbarspermidine C) C3HysN;Oy [M-H] - 632.28  470.23
. MR PRSI E -
~ £ _ . i -
N A%ﬁ@?f;irf)]\] C,oH,NO;  [M-H]  188.04 144.05 (Lycibarbarspermidine E) CyHs3N;0  [M-H]'  794.34  632.29
I MFC K% F -
7(’5@3%?5 CpHNO,  [M+H]" 24309 145.08 (Lycibarbarspermidine F) ~ C37HssNsO1  [M-HI™ - 794.35 632.29
o o . W H .
HiF L% (Trigonelline)  C,H,NO,  [M+H] 138.06  94.07 ( Lyciﬁ"jjﬁrsffnﬁdme o) CaHusN;Oy [M-H 63430 472.25
EH=E0 (Betaine) CH;NO,  [M+H]" 118.09 58.07 FA RS 1 NG VL A 4729
N-R R -2- 5 3k 2 8- B- (Lycibarbarspermidine 1) 31HysN;Oy [M-H]T - 634.30 47225
D- MLk g 2 A \ oo 177
: C;sHy, NO,  [M+H MIFCIAG I M -
(N-%;Zlﬁgjy'?ﬁﬁggyl'ﬂ' 1sHyNO; [ ] 328.13  310.12 (Lycitoma e e M) CyoHiN:O,, [M-H 79635 63430
N1,N10-— S I A e . NS . : N
(NIN10- CysHy; O N, [MHH] 47426 22211 P R A AT ZE AR, W 1R PR
Dihydrocaffeoylspermidine ) “ N S
! yopermt W AR I RETT A HHE TR
B-EMk (Beta-Carboline) ~ C, HgN, [M+H]"  169.08 115.06 . RS, - s e
| -2 J5T % (Octadec- é/%J_FJ?]&9 ﬁgﬁﬁﬂtﬁﬂﬁﬂ'r‘{zm m ’ftl%j‘gﬂ?‘
- C, H;:NO M+H] 282.28  69.07 > — . SR N -
2-enamide) 187035 [M+H] F-E ARG AR T HFCE A B RIE, R
dienami 15His 28026 8L OIS | BRI B AR R A R
(N AR | CHgNO MEHT 28026 8107 TS TR | BRIRS | A LA
3,5-— S-2H-WIR[3,2-C e WAG IS EETE Mo XL RS W] W] e P A]
Whk-4-Ti] . — N - , e s e
(3,5-Dihydro-2H-Furo[3,2- CnHoNO>  [M+H]"  188.07 118.07 VERT, 2LIRZ 58T SRR . JRIE S Rz 8 ot
C]Qulnolm-ft-One) TR A B
FAC LA 1 CyHiN,Oy  [M-H 63430 472.25 5 e TR
(Lycibarbarspermidine I) 31774573711 : : 2.2.3 AL N 2ZE 55T ASBESTR I
MLV [3.4-b]5] Vk-2- X Tk A AR IR AFAC R X = AS R e g Mol
(Pyran[3,4-bJindole-2- C,,H,0O,N [M+H] 188.07 118.07 SR S N Ly e aps —
ketone) BEEREA i, BT =R A . P AN [E]
N-ZRY e e Y e Ik B A 2ol o B FR e g
LRI ey s woses | HEMIREREO L AURIE S, BSGAIAT R A
isomethylamine) —
fiZL (Group)
N1 _[]J]uu“:g%jg%l?é: T"J]I]”ﬂ: —— FRif5 4K (Standard score, Z-score)
NZ i . —
(NI-Caffeoyinio-  CosHN:Og  IMFH]' 47224 220.09 )
dihydrocaffeoylspermidine ) )
SRR ;
(Hexazi\ecanamide) Ci6H3sNO - [M+HH] 25626 88.08 0
= A AR —1 B
(Tri-p-coumaroyl CyHyN;O  [M+H]"  584.28 438.24
spermidine) -
& -4
4-TPRERY BE-2- 3212 3
(4-Methylazetidine-2- CsHyNO, [M+H]" 116.07  70.06 2 T2 (Metabolite class)
Carboxylic acid) g SRR M URTE Y (Amino acids and derivatives)
Z B LAY (Saccharides and derivatives)
N-(z-jeé%-“-- ITI %%%%) ;E %gggl(a}:]uknol@;))
(N—(Z?I‘{Q;tfﬁ)xy-L CoH;1NO; [M+H]" 182.08  91.05 %;; )!Iig E;ﬂ‘j‘:l)m acids)
methoxyphenyl)acetamide) %%?ﬁ S SEi 83 (Nucootdes and deiatives)
i _ % (Terpenoids)
%E%i?:‘g%ﬁnié) C6H1 3N02 [M+H]+ 132.10 57.03 | ﬁ;]ﬁhiﬂiijﬁ (Lignans and coumarins)
3":&%2_'3;?1?% ;{:’{(’f‘)mmo' CH,NO,  [M+H]"  188.07 118.06 = iiiem Group)
—  [WWolfberryhoneyl
N-Je - R s e (N- + — WiWoltberryhoney2
wrans Ferulic tyramine)  C1sHoNOy  [MHHI™ 31414 177.05 — EVoltberhoneys
MIFCIEHR I H .
(Lycibarbarsp:]rmidine i) CalasN:On [M-H] 634.30  472.25
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Fig.5 Clustering heat map of wolfberry honey samples

from 3 different apiaries
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/N IRFN BT (OPLS-DA ) R 7 (14 A5 F 7 S5
52 (VIP) X 22 S AR EA 7k (e bnvi: VIP=1,
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7, AN [ SE A i 22 () U EA T A s, 22 AR
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et o
2.2.4 KEGG B &E ST ik it
TR I RE, ANBFSEXT Level 1 955114 242 Fh
RHIE1T KEGG i & 00T, 45 B, g
110 FRIHPI7E KEGG Hs 7 A 2 if 21X 1y 1D, He
78 AR S 2] T ShREERE . WK 7 TR,
KEGG 0878 T T 20 i i 35 5 45 94 Qi 1%,
Hor ABC FLiz 85 P . EWE-tRNA A9 4 ali i
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30 45 i i B B Th RE RO 4k R VAR O, CA TR
VZE BT I R S e R A AP, I
L5 7 98 FR 3 I 2R ABC 51z 15 A Rk /K T i 2 1
GBS E-tRNA A= 45 hG e 5 1A A il

HhyyE Rl E A o, [R5 S SE VR A DA G . 1%
3 [ 2 55 10 S S A AN SR ) G 28 AL ) 5 A &
WIFE R, AT BEiE 7 mTOR 15530 4N S 4
SE B FIFRE, AR e R 2 RY . H I, 1%
38 B 1Y) B AR AT RE S M AT R R Y i R e E TR
Wige eI A ., AR, 2-FA W Cighm 2 514
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T2 [ ZR LS | RN i e PRSI, JINJE JIE SN,
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T HEA Bh T G e A IR EE, 4ERpE RS,

23 R E ST DSS SNSRI R EREN
A1)

2.3.1 My X DSS 55 4k I 5/ B E
B a-ZFEPERRE I OCTMAT g 2 A FRXT DSS 175
ST L5 I 28 /0N B 1 3 B RE P B2 ), AR SR 168
rRNA ] /3 325 5 5% /) BR S A 5 v 109 B 8 TR B 4
Ji%o Sobs FEEUAN Shannon 35 HGH H FH T E B EEAY
EEERZAEE, H 3 BIEBEE R R
Ehn BTk, Sobs FEEU IR T REAS T4 R B,
1 Shannon $8 50 25 18T 9 1) ¥4y i v, S e T B
B ZREER 5] . FESCE b, DSS 4/ B
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Fig.6 OPLS-DA score diagram and volcanic map of differential metabolites in each group
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X EAER %2 (Benzoate degradation) °

4HZE 4 (Axon regeneration)

IR MBS FABEER X 8t (Ascorbate and aldarate metabolism)
FEREREWE M (Arginine and proline metabolism)

TEE BN AE R BRI (Arginine and proline metabolism)
BZ48M R ILIE (Amyotrophic lateral sclerosis)
AMPK{ESi@8# (AMPK signaling pathway)

ZABEATE (Amphetamine addiction)

P{H (P-value)
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0.50

BT K BB 9% (Amoebiasis) | . 0.25

REISHEFE MR (Aminobenzoate degradation)

SEE-RNAEYE B (Aminoacyl-tRNA biosynthesis) |
SEMEIZEBRIEIE (Amino sugar and nuclcotide sugar metabolism)
a-TEFFEE X181 (alpha-Linolenic acid metabolism) [

% BB S A 5 4 ¥ (Aldosterone synthesis and secretion) .

TEFEMRER (Alcoholism) o

TEAE AT (Alcoholic liver disease) .

AR, REREMRNSKRBERH (Alanine,aspartate and glutamate metabolism) °
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ABC#ZEH (ABC transporters) o
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Fig.7 KEGG analysis of wolfberry honey
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