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B OERABSKXRMEELE F(UHPLOE L 28 AR ZHR T EH LN A E, £ 4514
FERXBANARTERATR AL, ART EGHAERN P 70 RR FI B R, HRBR T E
20 g, MmN 15 mL K, BREM, REmAN 15 mL CRUE, AaRER, o5, R EFR, K5
PN mL ZRLEBEETARK—K, &5 LF®R, T30 CREELF, A 1 mL PEBALRE, T
0.22 pm HHE B, JERIEANA SRR EEM A ACQUITY UPLC BEH Cs &3%42 4 B % 48,
AO LU (R, TR PERAER-2 01N FTRG FTEER AN R AZZTHERMN, A=
FHI AN B AEAN KK 280 nm F#HiaFME, AAFHEERLBEANETNRA
(2012.130723 M) 13 2] 28 BIR F E M ety X WA aF BT L H 3%, £ 22 M EAE, @l
RANBREREGERHTIAT TR AB L P OANARAE RGOSR ATHELAET
BR oedbBR AT A LR FTHER R TR T ARTE M ET LA . OWF., 8RR TEHZY
ECA gL AR B R AELE A 0.909~0.993, MHBANRE R E 2> H(GU~50%) i E & fe
FRBORT EHRBATEDSHEN > FRGBARTEF RO EEL TR A
a9 AAMLE H 0.251~0.853, RM 5 ERESI . LR A4 B AR & D = F-F) 5 5 A7 4 28 Bk
FEHBRTHR ERE\IAFTEAR 28R TEHS B HA 3 L BMETROFREY A —

K. mE LTRGBS AL,
LML 4 0.5~200.0 mg

SFAEIA A9 O AL S M AT R E oM. LA MAR B &N
L', AR GS/NDH A 0.0l mg kg 'L 28 R FEHL P

EEFHR TR MEE LEADSCERG REMAFERTHEFRIASEEFRK

EariF. B HARMEELEE(UHPLO) ; T ZF

FESES: 0657.7 XEARERD: A

AR 2 o o 0 SR B R ZF SR A (L INAED Y A6 %
5 A B o WA AR 45 & 28 50 0 BRI T RCAY K AR
BRI R R LR A B R AR
FHA N 25 A {8, &6 5230 9% 8 Bk . ph ek
B R ZF b et o A A W CROBE R R L A L 4
AR VEY .2 E RS EY RS A
UM PURIE PR PO I R D B
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Toermmm S Mg R B EREES . B0
IRAEZ SRR, R R SRR b R AR
PER SR T RN & T — R, BB R
2 WA U B R RO TS R
W TH 7 2090 ~ 30%, A L8 Hb X 5 ik 509 A
AU RE RSOy A B AN SR,
i, 7 8 rh B I ACETER R LB AR i
P RO B AR T IR I e A X M B RO R ™ Y
Wi T M T A RS L U T I B E R 2% L
B TR ME LS BIORBE L R TR U R
525 , 1515 0 AL bn AR ARLEE A 5, A% 48 ) A DU A
P AR M Tl A2 9 B %8 7 T ok OF LR N A IR
Jo i () VR A A PR o A T RN 58 3 R O R R
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TEM AR BAEILRE Y, x1 BURTEERHURERER
Ty S A A B 2 e 3 vh — 6 T (VS M R L O Tab. 1 Information of 28 batches of bitter
AR I o3 A i b Y T 26 AL S W Y SR thorn nectar samples collected
S B e B A0 A6 TR R Hb B Ok A9 SC R © A IR REGS RAT S
SO H LB 4y BT T R 4 ST L 5 S ok si 2022-05-20 HEAK Y
T VRO A - T I TR VRO e - O AR AT R s2 2022-05-22 MEETS
TR TR BRI B 48 3 U A% A0SR M 85 00 53 2022:05-20 RS
%k (UHPLC) #5728 4t A ] 7 M 4R F % 119 St 2022:05-24 PR
1SR 45 2 {2 MR 0 8 OF 6 0 I kP 5 2022-05-24 P g
TRER L LA o 3R 2 55 R S 9 1 ) 6 2022-05-24 REES T
BN N S7 2022-05-22 [CER-Y5¥ &7
S8 2022-05-24 P ARELS
1 KRS S9 2022-05-20 LEEY &7
1.1 LS5 S10 2022-05-21 P B s 2
ACQUITY UPLC H-Class % # & 20 3% si1 2022-05-23 L2 RS
80, 0 DU 652 4 3 0 R RS R LA W B R s12 2022:05-23 REEE L
M EEH Empower 3 T./Fuli; BC-100 £ & iR i 1R S13 2022-05-25 R R
AN 3K30 B4 R E R B O ML ; BSA 822 S14 2022-05-22 P20 Ll L AR
TR, S15 2022-05-21 [LEE=X) A
BRI AR 1:10 mg » L', FRBGE B 19 7 S16 2022-05-20 20 5L 3
TR BTBLRR IR TR LA T AR IR 45 si7 2022-05-20 AT
W R K Y R R 2R TR A si8 2022-05-22 OB
AR E AT 10 mL, B % & & ik -k S19 2022-05-23 P24 Bk e
10 mg « L' MIR A X AT 1, T 4 CRBA . S20 2022-05-22 RER-37)E
IRV 2:10 mg » L BREGE & 19 IR S21 2022-05-23 PR 4R &
JUAERR DAL AT R 5 2 3 X SR T IR T 22 2022:05.23 P B
R ER T E NLE NI E 308 ¢ WL 523 2022-05-20 GEELEL
PR IEE R E 10 mL, B 4 W 58w ok S24 2022-05-25 YA LGS
10 mg « L 'R A XTI EAW 2, T 4 CH A, S25 2022-05-23 R
JELETR i 2R A 22 2000 Il A9 20 32 AN /)N S26 2022:05-22 P B LB
T99.0% R PTBLIR T TR IL Xy, T & ST 2022:05-25 RAE=R S
PR O MERR 2 IR R R MR T T R 528 20220522 RHAERS

g O R R AR R R R R R

. - L. K2 HEKXRER
iR i) 356 5 A Y 1 o R 5 4 46 55 3 A5 /1 98,0 %6 5 B

Tab. 2 Gradient elution procedure

PR PR R 24 R € 1 4l s 20 IR 20 TR R 0 T Al s R 56 T I P ot oo = P
. JIH/min @A/ % o/ % JIH /min @A/ % o/ %
K Jit R ZE R K '
N — e 0 95.0 5.0 40.00 15.0 85.0
28 R A HEHFEMAREMFBB LR 1,
5.00 95.0 5.0 43.00 10.0 90.0
1.2 BT I1EEH
- N 10.00 90.0 10.0 45.00 10.0 90.0
ACQUITY UPLC BEH Cy 5435 4E (50 mm X
- . - R . 15.00 70.0 30.0 46.50 95.0 5.0
2.1 mm, 1.7 pm) s #1335 °C; WA A iy 0,126 (K 500 400 60,0

BB D YRRV B 9 0.1 %4 1 0 P B
780 . MRIRTEIRELF A 2. BRI 3Bt 20 g ORI ZE 0.01 @) T 50 ml.
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A BIligiz-EF5 1

ELE P MA 15 mL K, i€ 5 min, T A 15 mL
TR G I E 10 min, I HE 10 000 r » min ' &5
L5 min, B EWHR T 5 — 50 mL B8, KA
FIA 10 mL 2R CFRER R —K., &IF L
W[ — 50 mL .08, T 30 CAMEIR T,
1 mL HEEE %, it 0.22 pm A HLIE R, 18 7 742 B AL
iy TAESRAF AT I E . I b 25 (a5 4 S0 B 1 A A
BEE M 2 B8 (2012.130723 ) LA M Origin 2021,
SPSS 25.0.SIMCA 14.1 844 xF B i 47 A 3

2 #ZRE5iTR

2.1 MEEMEIGATIMERE
R H TR 9N 5,10,15,20,25 g B
Xt . S5 BRI Y FRAE RO 5,10,15 ¢
B, o 35 06 S B/ DA AR R R 55 s AR A Ol 20,25 ¢
BF, AL 2, A& €00 06 43 B BOR A HFRAE i
25 g B — ook A o B A A R AR, DRI IR0 e
FREE R R 20 g
2 R 5T W80 %0 (IR B4R 41, R IRD
VA T TR TR O 2 JBU 1) g X o 38 B 2 R R
Wi R R XA R L BT BRI LT TR L T A IR R L A
& NP NSE7ESi- 0 E € A IV R
FESD 20 g, 430 FH Y BE 80 %6 FH AV T L & R & T i
FTEEIC, 9 Fh E AR il 5 WL 3% 3.
#£3 RERBGAHT 9 # RN EE
Tab. 3 Determined values of 9 target compounds

under different extraction solvents

MEM w/(pg » kg™

Ew
e 80 %4 H i 75 A LR R
X ¥ R H R 766.1 926.6 1120.7
Wi R 112.6 244.8 281.6
XA R 894.6 1436.8 2 622.7
] 5 7R 76.2 115.6 222.6
IR 166.2 169.2 214.1
T &R W s 44.8 101.6 114.8
ik e 2 478.6 268.4 481.4
1L 7% By 1626.8 2 011.7 3431.6
L 75 61.8 101.1 199.2

SRR DL BSOS 2 R A FLAL LA 3L
XF EH AR ORI IG5 LA 80 Yo Pt 75 W 4 B, H
T 4 0 5 ABLAR N LA 5 DL R S BRSO Vg, H
PR E (R A . HOE B LA . ik iR

TE B 4R BUA 71 o LR SR .
22 AIEEEHNIERE
2.2.1 @itk

KW % 2 T ACQUITY UPLC BEH Ci
(50 mmX 2. 1 mm, 1. 7 pm), Thermo Cy
(250 mmX 4.9 mm, 5 pm). Agilent Extend Ci
(250 mm X 4.6 mm,5 pm) % 3 Ff @3 H: 1 40 B ik
H, g8 R F W, i ] Thermo Cys. Agilent Extend
Cos BT FERT 75 21 1 (335 B 3R 2R A2, A B b
Py 3 06 R e BT 0 R G, 4 B9 RO AN A T
ACQUITY UPLC BEH C,, Bl kE R, H 45 &, 1%
TEORBE . HL A5 (3 0 43 B ROR BT . PR L 1 e %
1% ACQUITY UPLC BEH Cq 354,
2.2.2 ARIAAKEZ

I H T HE-K, ZNE- K 0.1% H R %
W5 0.1 26 H R 1Y HH B2V W 43 300 A U B0 AHL AR 2R 15 Xof
H AR oy B3R B Rg i, 25 5 3 B . 7 A [R) A% A B
VERLRR T T o LA & WG-7K 0 U 8 A A R ), 35 43 £ 3
VETE A, 43S BN 5 DL K R U B A R R B, R
SR A O ] LA A3 AR L AR RS L M AR E
R 5 > 76 K S AR R oA 0.1 % IR IS &
0T I oy B AR B PR, 3K 6 48R 1 3 3h A
AR 0.1 RV W7 0.1 %0 H R i B I3 TR
2.2.3 Haak K

I i — 2 5T R DN K 4 ) R 210, 254,
280,325,360 nm M (385 KA I IE B0 . 45 R ERIT .
ORI P K R 280 nm B €5 1% 0 AN RS £ L 40 S
B, B 2T R, TR, a0 a5 B 0 R I Dk K Sy
280 nm,

2.3 RAERYEEHELRMEMETNR
2.3.1 RITEHRLAE

Pz B 50 Ty vE X 28 HEAR A R 5 UEA T A AT il
SR P BRI S RO L ATA #8305 A rp 24 68 4%
i 40 % A BLRE PPN R 48 (2012.130723 ML) - LA S2
FE b (0135 P Sy 2 BR AR SO, R A 80k, B i
] % 58 B Ry 0.1, 2 S5 M IE JA A T4 DT L 45 3] 28 it
AR F BEAE A (R 48 S0 R R G RE 4R SUIELE (R) L A AR
22 AU BRI 1 R,

i ok 5 R AR R 0 R LT 2 () AT (D) ]
HEAT HOXT W1 2E A il 9 AN g b i 4 g X2
FEORHIIR L0 5 g MERR L 6 6 XA TR L W 7
B ERMR , 0 O S OF TR, U 11 S T &R W BR . 0% 13
oM R F LW 16 S I A L 1 20 H AR
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JEXWN, o
ey * oe. %g
- P PN " . B N 15
Seveen Mo A " - - 200 14
“senen’ 13
R, - 12
M:»_l v 200 1(1)
et " 3
RV, t - §

A x e b {

x - 3
Seme Bl A - ave
W 200 %
et \ S1
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t /min
A—XFFRFEA R ;5 — WNMERR ;6 — X & HL IR 7 — BT 8RMR ; 09— JF F1R; 11— T HFR T e 5
13— 16— LA W 20— B R
1 28 AR TF BT o i SU IS R B4 S0
Fig. 1 Fingerprints of 28 batches of bitter thorn nectar samples and reference fingerprint
7 2.3.2  ABMAE RN
. {05 0 o 25 o, % 4 S0 P A DL OF 6 R %

(2012.130723 RO XF 28 L AR F 2 B & 08 47 A0 L
PR, 25 4 B,
®4 HAMNEEHZEER

Tab. 4 Results of similarity evaluation

0 5 10 15 20 25 30 35 40 45 50 FE L o AL RE KE G2 AR o)
t/min
S1 0.988 S15 0.987
1— B R 2— X RN R 5 3 — 7 RO 5 4 — W AR
" " " e S2 0.992 S16 0.992
S5—LIEIR ;6 — T &R .7 — BB ;8 — JF TR 5
O— T 10— Mz 22511 — I &ty S3 0.981 S17 0.948
(a)  TRA X IR 1 S4 0.991 S18 0.914
S5 0.970 S19 0.909
4 S6 0.992 S20 0.911
S7 0.991 $21 0.916
5
3 7 g S8 0.981 822 0.945
S9 0.986 $23 0.936
9
1 6 S10 0.993 S24 0.925
2 |
L At S11 0.989 S25 0.918
0 5 10 15 20 25 30 35 40 45 50 S12 0.980 926 0.991
t / min
) B S13 0.951 $27 0.986
1= JRILAS R ;2 — MR R R ;3 — F 2 F 54— X/ UM
L S14 0.991 $28 0.983
S5—THMPE;6— MR 7L E;
S—HHHFE;9—mREE - . ] g 0 4 e oy
(b) {E’%X‘Tﬁg\lﬁ:(/g(& 2 VD%EZ]—\‘:ZS ﬂ: Zﬁﬂ:ﬁ;ﬁai@hﬂ I—:J‘X‘]LM\*H&.
B2 i T A ARARLEE 34K T 0,900, F B IX 28 HEAE fh a4
Fig. 2 Chromatograms L AR E
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F A AR RO 13 15 20 36 25 S A 22 RO R AR A S i B A T B

24 BEIRTEEUEEXL

FEAR TF B oI A — R S 10 T SR RN L L 4
HEAH R0 7 B HE AT 40 BT s LU T B RUIR T %5 48 4L
L3 5 0 IR s a0 RIS AL . 25 R R Y R
JF 5 R i VS N BT £ 43 B0 590,10%6,20%,30%
40 %6 550 Yo I VA0 2 B, JHC 5 0] B 80 RT3 %) A 0L
43914 0.853,0.767,0.632,0.512,0.329,0.251 ; %
IR 5%,10%,20%,30%,40%.50% HY
B A N N G W A S S D B
0.825,0.793,0.615,0.497,0.339,0.271, MAHLJE
GEARTT LI W E 8 A A 5 S L A5 2 1 de s A
T L5 AR X RS SR % A 22 4R DR U R ST
(48 SO AN IR T i B R e R I BE = % .
2.5 EEKIRA
2.5.1 HERESH

DL 22 A A A8 B 4 B s 3 AN SPSS 25.0
A, 32 FH ORI BE B ok B0 AT o 2 R K b
(HCA) .25 R WL 3.

SEAR W Y BRICHE Bk 10 B, 28 AR 2 % A
MR 3 L R AP S B R K S (S3.89)  F#1 S
(S4.S6.S8) . faith £ (S5) . ZEFK £ (S7.S28) MY £ i
h—2 ok BEEKIE 2 (SO R £ (S2) Kk T4

25

20

LIGHEEE

el

O'—'NI\MV\O'—'('\??O\W\O\ON—N!\W?V\MI\%O\\D
— === [t vt vt e U)U)——U)U)U)U)U)U)V)N
{/}(/){/}{/}{/}(I)(I)(I)(I)VK/}(I)(I)V}U)U)

#HH%%

3 HCA #ARE
Fig. 3 Dendrogram obtained by HCA

(SI7) WIAREL (SIO WFE S A — 2K, R AW Y B
JE % (S10,S15.820) . Bk £ (S11) . = Bt £ (S13,
S24.,S27) b JLAEHH (S14.,S26) P 5 45 (S16.,S23) |
WOGHL(S19.522) 41 £ (S12.S21.S25) I FE i K
— 2, R W 28 HUIR A 2 A 5 L3 Z TR AF A — 5 1Y 22
S, T RE S5 A R L AE TR R M B AR B N R (4L &
LT AR AT
2.5.2 ERHYHM

K H SIMCA 14.1 #844, LA 22 A~ A7 0 oy A5 1
AT FE RS 0 (PCA) LG5 R ILIA 4,

6 -
4} " S19@ S22 T~
2 7 e Y
r g v S27 sm $24 N\
g 0 / St v 28 - 525 am 526 \
= \ SV Y o S8 StosSiy s23 5 520 .
2k \ S6 w7 S9 /
N /
—4r b _ = s17 _—
_6l Sl--srzﬂ -
- —————s18
-3 , ; A . . " ; A
-10 -8 -6 -4 -2 2 4 6 8

Hi P4 AT, 28 AR T AL S 3 38 L 0k
MR R R (S1.S2,.S17.S18) %4 — 2,k B
P> LA R 5 Bk o RIS (S3.84., 85,86, 87,88,
S9.828 Ky —, HARRES I —), PCASRY
HCA 255 — 3, #F — 0 R WIR 7F % it 5 277 1
PSRN
2.5.3  IER AR =B o4

WG PCA 455, UL 22 4~ 34 06 48 B R 47 1E
22 e/ 3 51 43 B COPLS-DA) L 25 - LA 5.,

HEREH. MM AT RS BB (RO N

t[1]
B4 EWor o

Fig. 4 Principal component score plot

0.894, K78 1 1 & 48 £ (RY) M 0.951, T I 45 %k
(Q)H 0.794, HIEl 5 WA, 28 HLAR F % AF 5 9 7
Jg 32, AL 5 PCA HCA 45 5 —5, Hirp, 7
by SRy 2 B F R o B G A e I £ i, 7
R BB A it 43 A E Gl Y 1E 2 A, O LR b A
it 9 o 2 P R, 6 W AR A T T T AN ] 7 b AR 2
B0 o U & AR 2 R
2.6 FHEFRWIE
2.6.1 FHLMEXE

RS2 B b, 4 B0 7 vk ) A DR E 6 4 ik

. 787 -



TR AF M OB (3 5 L B A

3 A 2 B AGH B7E AR 5 S 5 A Y R

A BIligiz-EF5 1

6F - 2 TSTE
_ Sim ms2 SIS
4 - o
5L / \
_ / S6 S9 \
IS [ hd ‘
= 0 - 28w S11.S25
= \ YT vsE 5738830 /
2 \ $5 vs 58 Sl TS5z Yo% o /
_sk . S15
4 ¥ Siz S19 ®s2 //
— 6 -
-8 L L L L y .
-6 -4 -2 0 2 4 6
t[1]
Kl 5 OPLS-DA #5443

Fig. 5

AR, LAV 7 (RTER IR b 2 BR B ik 0, 1T A5 AL
e 5 2 HEL 0 3% 06 (10 R X P s (0] 60 AR e 6 T B ) A
X AR E A 22 (RSD) . 45 2R 75, A %R B3 i 18] 1Y
RSD ¥/ T 2.5% , A % 0 1@ FL A RSD ¥/ T
2.8% R EE R
2.6.2 REMIKE

B S10 A5, He R 56 5 B ) &5 6 Oy it T A
WA T HCE 0.6,12,18,24 h HERENNE . 458
TN A A 06 5 2 R0 55 05 1) AF G R B B R Y RSD
B/NF 2.8 % AHXF U ALY RSD #/hF 3.0%, %
B AL AR TE 24 h WRRETE R,
2.6.3  ALBHE K

HUS5 B 4 R0 vk & 1 O K
W, HELRIERE 6 K, AR R KIS S A
WA F 4 X 14 B R ) 4 RSD Y9/ T 2.6 % o AH X i 1]
FU RSD #4/NTF 2.8 %0 . & B #SHS 5% F KL4f .
2.6.4 AREEWZK At HIR

ik BT 2t 114 XoF 5% 5 2 Y IR L ol e 1 xR
BIERAR T TR . T &M W B M R IL =W A8
Fou BROSL, R OH OB R OO B T R R E X R
1.0 g« L7 MR A b e W 4 O3S &, Y A A
BEE A e BB RV R 0.5,1.0,2.0,5.0,25.0,
50.0,100.0,200.0 mg + L 'R AR EAR K R 1 .

Score plot obtained by OPLS-DA

Fie FEACES AR S AT I 2 5 DA £ 140 1) o o A
SR A s, 7 R U TET R Ry N Al B 42 o A o i 2k
ZER IR, TSI AR I 2R Y S VS LY R 0.5~
200.0 mg « L' S HLE S,

x5 LHSH

Tab. 5§ Linearity parameters

k&0 LM o] )7 7 A LB

Xof 5 B R TR y=35 720 x—345.2 0.999 8
o e R y=1292 x+4 095 0.999 7
XA TR y=3 442 x+1 641 0.999 8
o 28 112 y=1575 x+1 614 0.999 5
IFFm y=8 300 x+2 060 0.999 8
THRWME y=1862 x+765.2 0.999 8
i e R y=1692 x+301.6 0.999 7

1L %5 y=7801 x+2 952 0.999 5
SE7ES y=2425 r+3 668 0.999 6

DL 3 A% AE I B (S/ND A H R (3S/ND L 2
R L9 B R R34 0.01 mg » kg™
27 Hmao
P R 50 T vE I 2 28 HUAR 7 E b 9 Rl AT 1Y
ERIEK 6,

o

=)

i

F6 HEROWER

Tab. 6 Analytical results of the samples pg * kg™!
HaaS  WRERTER R Xf A SR o] 53 2 TR TR A i e % 1L 2% By EE77E S
S1 385.3 313.4 104.9 115.1 370.1 224.9 865.5 1429.3 145.1
S2 353.0 278.8 112.2 96.9 774.5 260.6 841.9 1 065.5 156.9
S3 1170.9 354.6 118.7 122.2 751.2 277.8 1022.0 1161.6 161.8
S4 1081.4 365.9 123.5 129.2 664.9 282.5 1030.3 1 240.1 172.9
S5 1 008.2 376.4 122.5 128.3 644.2 281.7 1 001.6 1187.9 172.9
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A BIligiz-EF5 1

*F6(4) pg - kg™!

RS XPRIEEWR MR W EER W 2 HFm o TERWE WA % B EE7E S
S6 832.1 262.4 84.1 90.6 387.0 185.2 719.5 1237.1 122.2
S7 1 335.1 388.4 132.2 139.3 551.6 291.1 1 130.0 1970.2 194.7
S8 1 344.0 255.1 96.7 127.3 322.1 547.5 551.4 1 860.8 138.5
S9 990.4 57.5 93.3 93.5 195.3 531.1 440.8 1 057.5 194.3
S10 1 665.8 288.6 112.7 146.8 372.6 652.0 639.8 2 381.7 73.4
S11 1621.7 279.5 122.9 149.2 416.2 585.2 569.6 1772.7 73.6
S12 1505.7 309.2 123.3 149.5 398.1 674.9 690.9 2 346.2 72.0
S13 1536.4 280.7 106.5 129.3 341.3 600.5 600.5 2 045.6 76.0
S14 1476.3 164.6 114.3 228.6 274.9 116.1 333.2 885.3 94.5
S15 856.1 191.8 119.8 243.4 297.8 124.8 350.2 963.8 99.1
S16 778.8 167.6 112.4 139.6 475.2 116.6 333.1 911.0 98.8
S17 377.5 159.5 96.4 219.7 252.2 112.4 277.3 765.3 82.9
S18 258.9 175.1 120.3 253.6 303.0 135.6 378.8 955.5 101.0
S19 1152.4 147.1 102.4 241.6 283.2 113.4 312.9 860.8 87.3
S20 1125.3 154.7 107.1 241.0 284.5 116.9 344.3 894.1 92.2
S21 1563.2 182.6 122.6 242.7 307.7 133.2 361.0 875.7 90.0
S22 1 258.9 195.4 107.5 202.5 258.9 203.7 384.3 1 165.5 79.7
S23 1419.7 147.1 106.5 192.6 256.6 107.4 328.3 795.3 84.1
S24 1 009.4 122.1 82.0 158.0 210.4 95.8 266.5 672.3 126.2
S25 808.7 166.5 78.4 157.1 161.6 129.8 514.3 964.8 105.9
S26 1 439.7 224.4 116.1 204.9 270.8 381.5 494.4 1222.3 81.4
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Application of Ultra-High Performance Liquid Chromatography
Fingerprint with Chemical Pattern Recognition in
Quality Evaluation of Bitter Thorn Nectar

WANG Feifei' , WANG Bo’, LIU Ajing’, WANG Juan®’, LI Haibin’,
KOU Zonghong®’, LIU Lanxia®, ZHOU Xiaoping'*"
(1. College of Food Science and Engineering » Gansu Agricultural University » Lanzhou 730070, China s
2. Technology Center of Lanzhou Customs > Lanzhou 730010, China ;
3. Baiyin Food Inspection and Testing Center » Baivyin 730999, China)

Abstract: The fingerprints of 28 batches of bitter thorn nectar samples from different origins were
established by ultra-high performance liquid chromatography (UHPLC), and the quality of samples were studied by
UHPLC fringerprints combined with chemical pattern recognition, which provided the basis for the identification of
adulteration and discrimination of origin of bitter thorn nectar. Bitter thorn nectar sample (20 g) was taken, and
dissolved by 15 mL of water with vortex, and 15 mL of ethyl acetate was added into the mixture for extraction with
vortex. After centrifugation, the supernatant was taken, and 10 mL of ethyl acetate was added into the residue for
repeat extraction. The supernatants obtained were combined and blown to near dryness by nitrogen at 30 °C ., the
residue was redissolved by 1 mL of methanol, and the mixed solution was filtered through a 0.22 pm organic
membrane. The filtrate obtained was injected into ultra-high performance liquid chromatograph. with ACQUITY
UPLC BEH Ci5 column as stationary phase, and 0.1% (volume fraction) formic acid solution and methanol solution
containing 0.1% formic acid as mobile phase system for gradient elution, and determined by diode array detector at
the detection wavelength of 280 nm. The fingerprints of 28 batches of bitter thorn nectar samples and reference
fingerprint were obtained by the Similarity Evaluation System for Chromatographic Fingerprint of Traditional
Chinese Medicine (2012. 130723 edition), and 22 common peaks were obtained. By comparing with the
chromatograms of the mixed reference solutions, 9 common peaks were identified, and the corresponding
compounds were p-hydroxybenzoic acid, caffeic acid, p-coumaric acid, ferulic acid, erucinic acid, methyl eugenate,
quercetin, kaempferol and albumin. The similarities between fingerprints of 28 batches of bitter thorn nectar
samples and reference fingerprint were in the range of 0.909 —0.993, and the similarities between fingerprints of
pseudo bitter thorn nectar samples and reference fingerprint were in the range of 0.251 — 0.853 by simulated
adulteration detection analysis of rape honey and locust honey mixed with different mass concentrations (5% —
50%). The 28 batches of bitter thorn nectar samples were studied by hierarchical cluster analysis, principal
component analysis and orthogonal partial least square-discriminant analysis. The results showed that 28 batches of
bitter thorn nectar samples were divided into three categories by the three methods, with the samples from Huixian
county for one category, and the samples from Liangdang county for two categories. The quantitative analysis of 9
compounds identified showed that the linear ranges of the standard curves of 9 compounds were in the range of 0.5—
200.0 mg * L™', with the same detection limit (3S/N) of 0.01 mg * kg '. The contents of p-hydroxybenzoic acid,
erucinic acid, quercetin and kaempferol in 28 batches of bitter thorn nectar samples were higher, but that of each
component in each batch of sample was significantly different.

Keywords: ultra-high performance liquid chromatography ( UHPLC); bitter thorn nectar; fingerprint;

chemical pattern recognition; identification of adulteration
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