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Abstract: To identify the botanical origin differences between alfalfa honey and clover honey and to establish an authenticity evaluation
method, alfalfa honey and clover honey were investigated in this study. Solid-phase extraction coupled with high-performance liquid
chromatography- tandem mass spectrometry (SPE-HPLC-MS/MS) was employed to identify and quantify characteristic phytochemical
compounds in the two honey types. In addition, chromatographic fingerprints were established for authenticity assessment, and their antibacterial
activities were evaluated. The results showed that eight characteristic compounds were identified in alfalfa honey, 4-(3’-methylallene
ketone)-3,5,5-trimethylcyclohex-2-en-1-one was detected exclusively in alfalfa honey with average contents of 12.39 ug/100 g and could serve
as a potential characteristic marker. Thirteen characteristic compounds were identified in clover honey, among which
N1,N5,N10-tri-p-coumaroyl spermidine and kaempferol-3-O-rhamnoside were detected exclusively in clover honey, with average contents of
24.30 and 4.47 ug/100 g, respectively, indicating strong botanical-origin specificity. HPLC fingerprinting and characteristic compound analyses
revealed that some commercial honey samples showed inconsistencies between their labeled floral origins and actual phytochemical
characteristics. Antibacterial activity evaluation demonstrated that clover honey exhibited a clear inhibitory effect against Escherichia coli, with
an average inhibition zone diameter of 23.37 mm, whereas alfalfa honey showed no obvious antibacterial activity. This study provides a
theoretical basis for the botanical origin identification, authenticity evaluation, and quality control of alfalfa honey and clover honey.
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Fig.1 Pollen Morphology of Alfalfa Honey and Clover Honey
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Fig.2 HPLC chromatograms of alfalfa honey and clover honey samples
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Table 1 Component information of alfalfa honey and clover honey

AR5 adh HEEE /MmN dpdnm S FE [M+H]* [M-H]
Al p-& 2B 50.277 309 164 - 163.082 2
A2 T A T S 66.453 275 212 213.0739
A3 BB 76.1 264 264 2651437  263.1873
A4 Rex 78.653 261 242 243
A5 4-(E = H5-3-F JREF)-3, 5, 5-= T h-2-IREHER 81.49 283 204 205.122 2
A6 N R BR 85.463 262 264 2651409  263.1882
A7 S 116.105 267 270 2710598  269.1070
A8 L A B 120.645 352 286 287.0888  285.1406
Bl 34-—FAIARK T 46.313 307 182 - 181.060 4
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Fig.3 LC-MS/MS spectra of phenolic acids and phenolic acid esters
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Fig.4 Skeletal structures and substituent types of flavonoids in the two honey samples
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Fig.5 LC-MS/MS spectrum of kaempferol-3-O-rhamnoside (B8)
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Fig.6 LC-MS/MS spectrum of N1, N5, N10-tri-p-coumaroyl spermidine (B10)
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.

DA RN, ETGE s SmENER Y, ARG ELIEE . Shehata ZPMHF L TN, Ei7E
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ARG, RN, ABFFEEE D R T BRI IR S B I T R A, N ETE IR B
VR B S VEANRAE T 3T A 24K

BN, AERR R T SRR ARG R, 5 Sultana ZEGERELISRE, HRH] =
BB O ARG . [FI, AHIEEE O [ = B AR i R i Y L1 2R -3-O- B AR HE A N1, N5,N10-
- SRR S B RO R BRSO Ay, O I R ESIMEPR SR AL T AL AR A

05 [#EST A& F (rt: 81.540 min) Frag=175.0V CIDA10.0 (205.1215[z=1] > ##) nuxu.d
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Fig.7 LC-MS/MS spectrum and fragmentation pattern of compound A5

2.3 FFAEE R E BT

NI IR W S R R RE T, S AR B R B AT T e B A (3R 2.
£ 3. SRR, WNEELISH p-FEKR. THRHPEE. SHERAFEREIA N, LSRN
5, Hrh, EERED p-F IR EN 145.32~265.54 ng/100 g, “THIEE N 211.56 ng/100 g, W& m T =H#
W (59.62~103.57 pg/100 g, T35 79.43 pg/100 g); FEHRAE B E T4 & 808 119.60 pg/100 g, TI{E—
MR A 5111 pg/100 go A I, T AR R CE B R b S AR sy, P IS 2 o
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250.14 pg/100 g A1 238.34 ng/100 g, Z=FAHNTEN.

KRR B EE A T B . Ho, L - R & B frmr, N 298.56~322.58 ug/100 g, “F4ik
F310.49 ug/100 g; Sz J-MiIERR & BN 85.64~129.58 ng/100 g, “F15 106.46 ng/100 g, 1M7L =M Hilg 2 b5 R A6
e FRMUAEE SR DR L, SEUEA 6.32~18.32 ng/100 g. _Eigh Bik—BAE B IS B2 AWM 4-(% —
#5537 FH L R)-3,5,5- — FH - 2- 20 LA L B A AR B ) 1 T SRR DR Sk, P A T e 1) B B b 54

2R, =R A MR R B ER L R AAER . 1L ZSTH-3-O- FRASHE TR N1,N5,N10-— %7 & I A%
fz. #MER. B G RERENEVIIREEEEE DRI Hrp, BRI ER S B, P
B HiE#) 55.67 ug/100 g F1159.11 pug/100 g; N1,N5N10- =17 SRV FE I & 8E N 10.67~37.29 ng/100 g, T
2430 ug/100 g; LI Z3M-3-O- M2 S 8N 2.68~6.73 ng/100 go HI T XL AYUNAFAE T =Bz b, LI
B R R IRAE Y TR, DRI AT IX 4y — I B o ) B B A )

HeAh, WS FEAAE T HEEE T, HOPE5 8RN 68.61 ng/100 g5 1 — B8 N EEME R FIKATS
R RIS, 22 TP Fbds 38 7 SR ZH AR T TRAAAE 2 22 57

CATT AR, ARSI E IR, TR & AR R G A 0 2E iR THIAEAE 5% % 5. Shehata 25
Xof T A M AN — I B B P I R A AT L AT R B, = R B TR SR S R R LA S B T
EEEE . TEAT A, =R s vh IR Y 13 PREAEVE RS, T A G 8 FRRRIEPE R, R =
L A EEE YA R, 5OAMAFERFMIMUEDAR, R0 R P 1E
Bof 7 L I RN e A S AL R TRHAF A E B B 22 5

Horp, [ Se-BEEBRAT, J- B v BRANAE & g e rh R, P E &40k B 106.46 pg/100 g A
310.49 pg/100 g, TMFE =M FIER TP RIG H s 4-C% —H5-3°-FHIERR)-3,5,5-— FHIE-2- 30 Ol R RE U e T B 15 1%
o, RFIXLLESF R RSV A BRI EITEY TR BRI ARG =) Z A T S RHEY)
o, NN S KR B PSSR N B DA OC, AN FTE— 0 I E B FEUESE | HAE A8 4 3 P K & SRR E
S EE,  N1NS,N10-= X 7 5 Bk WS % A 1L 43 ) -3-O- RSP H AU/ = B s h s, TS B0 BN
2430 pg/100 g A1 4.47 ug/100 g, RKILH REFHVEIRREFVE. FREEHFRE, BRGNS 25, BT
IR IR YRS B IAE X 2 1 8 4 2 5 — M R B 7 T LA o i A B

gttt s R, BUEKRIME A 4-(F -3 - F 5E0H)-3,5,5- — F 3E-2-3K U vl 15 o i 7 16 2 1O 7
TERFEERR A, T N1,NS,N10- =X 7 52 Bk MV RN L 25 15)-3-O- B 2 M U AT Dy — I B g o [PV A R VA 2
W, N Tl ) LS S R B AE A MRS A T RIS AR




...... *2 BHEENETHLAYSE (1e/100 g

Table 2 Contents of compounds in raw alfalfa honey (ug/100 g)

et c1 C2 c3 Cc4 c5 C6 c7 c8
BB R BN BA B K p-E 2 263.8940.12 207.5440.04 200.6640.18 177.8940.16 265544009 145324005 232.1840.04 199.4540.09
NZE7) T A, T s 288594011 3104440.12 254684016 249584008 233594003 219.7340.06 199.5740.05 244.9540.1
BB ALHER 100.9840.06 129584018 99.654011 85644005 127.5840.08 109.3540.07 - 98.8740.14
4-(i& -3 - F AR BR)-35,5- = F A

RIS 12.356.01 - 14664008 11984006 10.6840.05  6.3240.06 - 18.3240.07

2-IR YT
N BB 322584003 2985640.05 3159684006 311694012 3166501 299314008 318.2630.09 300.890.18
HAA R BRI FEE 38974006  49.6740.08  51.6340.07 - 36224002  40.6530.11 443630.11  55.2340.05
NS Ay 65234011 59.6540.09 55874005 98654007 49654009 87.6940.13 54.3240.09  756240.12
Ao rkeE 99844009  956540.04 143214005 154974012 100.8640.02 155.6540.06 106.5440.09 100.0940.08

A A A ZRIREF YA
R3 =MEEMEPUAMEE (1eg/100

Table 3 Contents of compounds in raw clover honey (ug/100 g)

1ot D1 D2 D3 D4 D5 D6 D7 D8
34— FEHAERFEL 157944009 144.6840.06 123.95#.12 176.3540.07 130.5940.11 195.64#40.13 128.9440.15 180.4240.03
By PR B BR i p-E 28 72.854).08  59.6240.09 62.3540).1 80.56#).11  103.5740.02 - 65.4940.08  90.5740.11
ey 34-—FAIRKLE 68.434).04 43290408 33.09#0.09 56.2740.12 38.07#.16 2954405 67.24#40.13  40.63#).11
TABRY e 202.6540.08 194.63#).13 2345640.19 278.4240.11 299.83#0.15 205.1440.12 211.9840.09 189.5440.05
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ABEEE 4684005 12874002 2384008  7.064001 983405 566408 1153406  15.3740.09
sgetink 44274006 56294012  795840.04  39.9940.05 65894007 35874003 46924015  70.5940.11
L AB-3-0-A 5485 2.6840.05 - 5084008 5934001  4.6840.07 - 6.7340.02 3.9440.1
H R R R
FEE 1684008  2.0640.02 - 29840.03 4294006 3674005  2.0840.03 -
FRAEH
ANEE 70.6540.12 69574017 45314011  84.6540.04 56.944005 6424009 33254013  47.9540.18
ATE 26914003 46374004 18374017 50.8240.06  38.6940.04 59344009 58374016  22.7340.13
ENES 256740.07 15394015 22.9740.09 5924006  10.6530.06 - 10.854).05  19.5840.11
EMeRib a4 NLN5N10-=-f-F 2 m P 15.2940.09 - 27684006 10674007  19.6440.03 30684008 28.924001  37.2940.11
Hie ety ke E 23504009 45324005  39.8240.07 - 71214011 55914016  60.8320.08  64.0840.14

JE: BAEH Z ORI HME.
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Fig.8 Fingerprint chromatogram generated from raw alfalfa honey samples
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Fig.9 Fingerprint chromatogram generated from raw clover honey samples
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OGS B A ME R SURIE RAA s — B, B3kt 7 ER e R i E v e i 8 MRFIEME gy, HEEDK
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FETTHE = I R RE L, FLL F2. F3 1 F4 [¥) HPLC (o ] 5 =i Bl s by R £ B i R B h e v — S50k,
HIKH 1 R = B A b S TE 1) 13 FRHEYE 7Y, SRR & 8 5 IR S A — 3, 4 o = IS i ol )
SEEINTINER 5 P Ul W L e it LA 0 ) = P e B L SEMERRAE o 177 F5 A F6 ) i (] b = I B v
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SENHSMR R E A%, ES WHENDY =M Fulg s, W= RIE% F1. F2. F3 1 F4 AAE N H S B0s
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Fig.10 HPLC chromatograms of six commercial alfalfa honey samples
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Fig.11 HPLC chromatograms of six commercial clover honey samples
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*k4 TEEGEOMEBEFHEMMYEESH (1e/100 &)

Table 4 Quantitative analysis of characteristic components in commercial alfalfa honey (ng/100 g)

tbth El E2 E3
p-A 2B, 124.8740.12 256.4740.09 196.3540.14
TAHBR Y 85 199.6740.08 173.9840.16 188.2440.05
BB ABLEBE 154.3840.11 124.05#0.06 96.2840.08
RreE 301.2940.19 10.2520.01  20.6740.03
4-(i% = Mp-3°-F AL BA) -35,5- = F A-2-3A bR 9.1840.03 8.1840.04 11.6740.01
WL B -BLE-BS 256.8740.15 168.83#.05 288.6540.16
FRE 90.5840.08  68.2440.04  61.2940.07
NPy 185.3840.13 61.253#0.06 83.6740.04

i BAEH R,
%5 TESHERSEHERS ERHH (1e/100 g)

Table 5 Quantitative analysis of characteristic components in commercial clover honey (ng/100 g)

ot E5 F1 F2 F3 F4
34-—FEARF R 265.3840.08 198.6440.11 167.9840.19 257.3940.16 257.3940.15
p-F 28 149374016  121.09#0.1  53.3340.04 199.3740.03 199.37+40.14
34-—FRARLH 101.3940.13  38.1940.08 68544003  79.5140.07  79.5140.04
T A8 P B 13484008 256.87#0.05 1.344001  409.8840.13 409.88+0.18
ek 120.6840.11  66.2840.09  70.9440.04  99.4440.09  99.4440.07
AEF % 9574009  7.08403 523404 23924002  23.9240.06
sgetingk 20414007  79.6440.09  12.6740.01 154.2740.04 154.2740.12
L AE-3-0- R 545 7444003 6444005 8394006  26640.04  2.6640.01
FRE 5644006 4994008 901402 3544006  3.5440.09
NIN5N10-=-3F-A& 2 BLEAEH:  43.2940.05  13.8440.07  12.8440.02  9.3540.08  9.3540.01
W EE 29544006 97.58#0.05 15.6930.01 249.3740.03 249.3740.12
ATH 785640.06  20.6740.02  49.6740.09 108.6440.16 108.64+40.15
BrkEE 39.5740.03 12.8840.05 20.3740.09 54194017  54.1940.13

S AR T
26 FREEMZCTEEWERR

112 6. I 12 P, 5K ZR R/ B, =S SO0 R AT A R R, P 2407 el By 238.37 mm,
T 5 7 e B T A A B SR P . SRR (758 304 30 pgmL ™, HIB R EL4% 25.42 mm) AHEL,
IR B ORMMBENE VRS, BRI R HTRERCR . 45RARN], = R s S Y R E — SR T RE
UG BAME R A, T B T R S B AR R, X KA R e AR
ORI, MBS IETE S BB MR, I S L SR B IRE E R S) # D)
HIK, AN B 5 2 PR R AR AP AE R R 5 . AR CARIED), Bt KT 14 4 ot (R AT BR 5 W,
BOW B EAT— € MEIER, A ECR S E BRI S S BRI, fEAR T, =R
SR BRI B AR, PR30 B B A E) 23.37 mm, BHAPHMERT IR R EE RN (2542 mm), %
A LA e AR T
T, R SRIE S AR ], S X R i s e LS . S5 SR AE e 0 A 45 R T,
SRR E SARER. AR, RBRR. MRER. 34 T HEEENR, 34- " HEHERLRIUL
N1,N5,N10- =X 5 G LIRS HE S B R A kAL &4, TR S =M R B AT RNE A AE— € R0k, ETE iR
REABRACT IR MR EY), (HEPURE TR REARR AT IR DRI, PR B P 22 7 AT R 5 3
TEVIC AU FIATIC,  ABASHEFE A 3R A S IREAT ST IR PESGAE, DRI H ATASREI A e Ho2
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BHES S =M EERNEIE . LRgs Rit— R, YRR E RS AT Tl s J S prir, il ae
SN AR, (AR E LA fr it — BT 7
* 6 HiEEEM—MEEZIIERER (m)
Table 6 Inhibition Zone Diameters of Alfalfa Honey and Clover Honey (mm)
@R RFEHEEEMN HEHS (C1C8) =-t¥4s% (D1D8) AHK

1 25.5840.12 - 23.5840).08
2 25.2140.06 - 23.1140.12
3 25.3640.13 - 22.9440.09
4 25.4940.08 - 23.4640.05
5 25.2740.09 - 23.2040.11
6 25.6440.13 - 23.6940.07
7 25.33#).11 - 23.3240.11
8 25.4840.04 - 23.6640.09
M=#5D 25.4240.15 - 23.374).26

Er O BAEIN A 2R A

12 BEEM=HEZHIEYR
Fig.12 Antibacterial effects of alfalfa honey and clover honey

B =AM HEEEY), WRREEMES ARG HE AR, SR e E T, [N
NEAE M= EGE Rk ik, AT IRmEASER, My BB, WY RS R ke e e
MBI AT A A R o AWTTUR A BANZEEZL &5 HPLC-MSIMS 50K, X i 1 B — i B i 3 P )
TEYRIFFAETE BT BT T RGUEE SE R, RS 7 PIAhEE R HPLC fagr B H T sek i, 4555
W, Bfeies 5 = R AR P A R E R . BRI 8 MRy, K, K-
JRTEBR W, S -t IR AN 4-(% —J5-3"- HIEH)-3,5,5- — FHH-2-3A CLI M 2 Lt B0t 1 S U D R ek . — I i
EPILEE T 13 MFIEERSGr, Horh 23 )-3-O- PR AT NLNS,NL0-—-Xf -7 S BEI S A = g e
Rttt AR EbR S e B ATHE S DIRIE T IR SR PRI B R ) 22 5 AR o

SEFHRFAEPE RS AR SRS L ML SE VI IR R BEIE A X 7 E I B S = R, PN T
FEAVET . SRR, B0 T A AR AEAR PR IR S SERME A AT LR, SRR AR R B 25
GRS AT H S PP BT B B RTAT PR A B A7

IMBEETERT TR, — M S RO R AT BLEA S IMHI R, iy B e i BRI B SR v, A
[FI B T BRI A R 57t T BT B A i Ak 7 A B B o

LR PR, AWFUIHEIRAT B E b SN = S BTN AR SN, L 7 ML S et
P, ORI A S R PP R R AR, BRI B SRR RE ST, DB
W, AR, AP UPT R B A E R SERE, (kg BB R, OB I PR A
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