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Abstract: Objective To develop an immunomagnetic separation-enzyme-linked immunosorbent assay (IMS-ELISA) for the
determination of 5-hydroxymethylfurfural (5-HMF) and to evaluate its applicability for near-line monitoring and process optimization

of the honey-refining process in traditional Chinese medicine (TCM) preparations. Methods Anti-5-HMF antibodies were
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immobilized on magnetic beads to enable selective capture and magnetic enrichment of 5-HMF. Biotinylated 5S-HMF-BSA served as
the competitive antigen, while horseradish peroxidase-streptavidin (HRP-SA) and 3,3',5,5'-tetramethylbenzidine (TMB) were used for
signal generation. Immunomagnetic separation was employed to reduce matrix interference and enhance analytical sensitivity. The
method was systematically validated in terms of linearity, limit of detection (LOD), specificity, precision, and accuracy. Subsequently,
the established IMS-ELISA was applied to near-line analysis by monitoring 5-HMF levels at key stages of the honey-processing
workflow, including variations in temperature, pressure, processing time, storage duration, and reheating conditions. Results The
IMS-ELISA exhibited good linearity over the concentration range of 0.4—160 ng/mL (R? = 0.997 3), with a detection limit of 0.4
ng/mL. No significant cross-reactivity was observed with structurally related compounds such as furfural or 5-methylfurfural. The
intra-assay relative standard deviation was 4.29%, and the results obtained for real samples showed no significant difference from those
measured by HPLC (P > 0.05). Near-line application demonstrated that honey-processing conditions of 75—85 °C, 20.0 kPa, and 10—
15 min were associated with relatively lower 5-HMF formation, whereas storage for > 48 h and reheating at > 80 ‘C markedly
promoted 5-HMF accumulation. Conclusion The proposed IMS-ELISA method offers high sensitivity, good specificity, and low
operational cost. It is suitable for near-line monitoring of 5-HMF during honey processing and pill manufacturing in TCM production,
providing methodological support for process optimization and contributing to process visualization and intelligent manufacturing of
TCM products.

Key words: 5-hydroxymethylfurfural; immunomagnetic separation; enzyme-linked immunosorbent assay; traditional Chinese

medicine honeyed pill preparation; honey-refining process
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43 B I R AT S PR T R O R 2 PR AR o T
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Fig.1 Schematic illustration of IMS-ELISA system for S-HMF detection
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HX 100 uL (10 mg/mL) RIEMERER T 1.5 mL 3
MR, IIN 1 mLMEST &3 (100 mmol/L MES,
pH5.0, 7 0.05%% LALMEE 20), Wisr &3 FiGIFE
HP 3 K. WK EDC 5 NHS % (% 10
mg/mL, 100 uL), =¥ (25 C) gk iEA 30 min

R . Wi B HiE/E A 1 mLPBST (PBS 7
0.05% 5 1L A4EE 200 ¥ 1 k. MO 1 mL 5-HMF
Ab R (100 pg/mL), =IEIE RN 2 he BT E
Je B EIE T R A YUk, BN 1 mL &
20% BSA [ PBS #H P, =i E 1 h 5, Wy
&, 3 B3, LAPBST il¥E 5 IRBRZ:0iE 25 BSA. &
2L 500 uLPBST H&, 115 2 mg/mL HriAfHIHE
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EECHT BRI CR BN 212.7 au, TRELE
EIEWSOEIREE FAE 108.1 au, HIKEDUECD
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a-emission spectra of the supernatant before and after modification;
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fluorescence intensity.
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Fig.2 Evaluation of modification efficiency of S-HMF Ab-

functionalized magnetic beads
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SINEES 5-HMF JE WA RiTH24 10.9 nm, X RALFHE
MREEZ)0N 2.5 nm, W RARALHR 20 30%. 45 L,
AR ] 7€ « FraRon K iR 5-HMF (38 5+1E 475
S, WAE 7SR IR R AT . BLI B
NFEHIERKALFE (AL, nm), SRS REIL
AR IEEE -

214 IMS-ELISA Wik RZHMM  HiteE
IMS-ELISA FarillfA 2 1 REE SFa e ik, IR
R e T, AR & b R G B S iR S 0 AT
R IIME S5 55 SBOGEE (4) {5
tt (signal-to-noise ratio, S/N) 1EANZEG AN TEIR,
TE & S50 25 A N IEAT 3 UCFATINE , BLERIESS 3
AT SEPE
(1) EH P BSA WKL HEAF BSA
B EKE (10, 30, 50, 100 200 250 mg/mL)
Xf IMS-ELISA 14 28 545 5 SRR 2 1 R 5200,
SRR 1. BEE BSA JREIREH 10 mg/mL $2 5
% 100 mg/mL, & 5 4 IS, MXTFRE (1,37~
1.55); 4 BSA FiEIREHINE 200 mg/mL K, i
SR TUE TR (4as0=0.81); ZRLEHIIME 250
mg/mL B, 4 fH#E—BRAK (0.39), HREWKRET
AR R B B SR R 2P UA L & . SR HE
&1 A[E BSA HFREREFHT IMS-ELISA 5% 4
ERNELSER (X+s,n=3)
Table 1 A4 values of IMS-ELISA system under different
BSA blocking concentrations (X + s, n=3)

BSA Ff P i i /(mg'mL1) Aaso
10 1.42+0.03
30 1.55£0.01
50 1.38£0.01
100 1.37£0.03
200 0.81£0.01

250 0.39+0.01

B HRUR SHI R B, 7 5E BSA 200 mg/mL Ak
Dot PRI

(2) PRSP R R IIAL: B PBS. MES
H1PBST 3 Pl g kil i 215 5 K 5 i)
SO, SR LR 20 3 FhEE A RAET RIEHIMER
Ve HAAAE I 22 7, o PBS REWS A AR 5
5%, HRWARELIERL, BAERILT X
TS PEFR) PBST LA SSIERTER) MES. [HUL, i%+%
PBS {79 IMS-ELISA 14 2 FI B 1K o

R2 FREIEEEHRFMT IMS-ELISA 5 4 ERIN
EHER (Xts,n=3)

Table 2 Absorbance of IMS-ELISA system under different

washing buffer conditions (X + s, n=3)

S Aaso

MES 3.09+0.12
PBST 2.70£0.64
PBS 0.60+0.07

(3) HRP-SA Wik B RAL: yF#fk HRP-SA
Siafar ARG T, BRI (2.
4. 6. 8. 10 KD XHGIGE R, SR IE 3.
WEAE Ve OGN, 1 FE 5B RS, KR SIN
EBWTH i BRI EOLE] 8 I, SN (EHIEH]
UK, DRSERE e U BOE BORANW] R . BRI,
ffi € HRP-SA 455 Ja B s LBtk X B 8 k.

(OHERE R : 5 S FIHEER FHE (0.20.
0.10. 0.05. 0.03 mg/mL) X KI5 5 50 5 K2 1 5 4
EREEm, 450 WA 4. T, BEAEREER)0T S i

#3 FREBFREEZHET IMS-ELISA & 4 EHNIZE
HR (X+s,n=3)
Table 3 Absorbance of IMS-ELISA system under different

washing times (X + s, n=3)

TEBEIEL Aaso THBEIREL Aaso
2 1.85+0.44 8 0.23+0.04
4 0.57+0.03 10 0.21+0.02
6 0.41+0.18

F 4 TRHEHKRREREEZHET IMS-ELISA A& 4 ER
MELER (X+s,n=3)
Table 4 Absorbance of IMS-ELISA system under different

magnetic bead concentrations (X + s, n=3)

TAER IR P/ PR o7 BRI S5/
B Aaso B Aaso
(mgmL™) (mgmL™)
0.20 0.270%0.008 0.05 0.120%0.005
0.10 0.170+0.002 0.03 0.11040.011
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0.20 mg/mL &K% 0.05 mg/mL, AR5 4 HEF
TR, ARG S IR AR E s AR T R R R
— B PEKAE 0.03 mg/mL B, {55 BUAHE ., 455
F et R SR R ARE e, #E s ik E
W 0.05 mg/mL.

LA DL ESE R, B E IMS-ELISA Kl 4 2 11 %
%142 200 mg/mL BSA $1 4. PBS Heisk S«
Belk 8 IR M MEER BT &R 0.05 mg/mL.

2.1.5 IMS-ELISA Wil 75k 78 Lk S5tk
SN, AL IMS-ELISA Kllfifstn . LA
200 mg/mL BSA 3 F1 I HT AR AR e 2R A [ AH 244
HY 100 pL RAERE (0.05 mg/mL) T 1.5 mL &0
B, 2RI 50 uL AS[E TR EER) S-HMF X
BBV (0.4~200.0 ng/mL) 5 50 uL 5-HMF-BSA
W (1pg/mL), WAJJET 37 Chefs i E 30 min.
Wioy B 3F L&, NN 400 uL HRP-SA i (2
pg/mL), T 37 CKZEHFH 30min. L PBS ¥k 8
P (BEHR 2min), JI 100 uL TMB JEYI M 10
min, fIl1 50 pL 2 mol/L HoSO4 2 112 ¥, F 450 nm
AR TE M E (Aaso) o

2.2 IMS-ELISA #0755 %185

221 LRMEXRRFLE TE “2.1.57 WEKMAT, WA
&) i IR (0.4 0.6 1.0+ 10.0+ 20.0. 60.0- 100.0-
140.0. 180.0~ 200.0 ng/mL) ) 5-HMF X & S A7
HEATIE,  DAXHHR SIS V5 IR B AR AR (X0
Auso THRPAKR (V) ZhilbriEth 4, dEATZeERIA,
BEE TN Y=-4312X10"* X+0.205 6, R*=
0.997 3. ZEFEIR 5-HMF 7E 0.4~200.0 ng/mL, 5-
HMF ik E 5 4 H2E RIGFH AL R.

222 REIUBRESE Rl PRAKHE 3 %72 AW vkt
o B AMEBSME Y wo SRHEE 5 wnfiE IR
B9 Y pwn=y #0—3 8 w0, I ZESHRNEIET
FEVHE R EAREE, 1SREMIRR Y 0.32 ng/mL; 5 KA
HESN 0.40 ng/mL; A LG IR ZE 0 A Jom IR
JEE DX g 2 AR AE EAT PEAY . SRR =T 160.0
ng/mL I, 1k S5 5 IZ T HT 58 4 S SR I R FR
LR N FFURIRGS, R 0.4~160.0 ng/mL 52
ITERA ROE BTG

223 #EEEER EHERIESR (REZHR)
2025 FERGEN 9101 (oA 7Bk FIUY 247
AR I8 R o, A m e g P g ST 7 v R
S 45 R bR 1E S 2 Ty vkl IR 5 VR T Hh Rk
PEAN o AW 55K F HPLC 2 Lk V2L, X IMS-ELISA

Ti R HER S AT VR . HPLC W 264t failiAs:
A Agilent Zorbax Eclipse XDB-Cis (250 mm X 4.6
mm, 5pm) A GBI AK-FEE, BREEGEN: 0~
15 min, 6% FEdlP 280 nm; KRR 1.0
mL/min; A£if 30 C; HFEAR 10 uL. ZTTEL R
gud M S AMEE, B& RPN EES g8t
A€, FIYEN IMS-ELISA &5 SR 1FA IS 757 151K
3 HEAMSIHRE R, 705K AT IMS-ELISA 5 HPLC
M5E S-HMF &8, MEssRNE s, RAX ¢
5o AU X 2 FhIE e 4 KRBT Git o EU A
1E 95%BEAE/KF N, 2 MTiERZERB LG AR
X, R 2 MR E S5 R BA BRI — .
&5 HPLC .S IMS-ELISA JENEFRER &S 5-HMF
BEERME (X+s,n=3)
Table 5 Comparison of S-HMF contents in laboratory-

refined honey samples determined by HPLC and IMS-
ELISA methods (X + s, n=3)

5-HMF/(mg'kg™")

HR HPLC 7% &  IMS-ELISA J5 il & P
1 105.30+2.64 111.01+5.35 P>0.05
2 165.504+0.96 168.21+7.09 P>0.05
3 126.97+0.38 121.83+5.36 P>0.05

BEAS X 95%; 2 Aoy vkmens 22 5 R HRCx « 4%, P>0.05 9
ENTED
The confidence interval is 95%; The paired difference between the two

methods was tested by paired t test, and P> 0.05 was not significant.

224 KEEEEE FEE IR (hEZ )
2025 SERR AT IE AR SR AT, IEE M. HIAK
PR R AR SRR s M 3 AN TR T Y (RS 2
BTV .

(1D HEMEE. HEEMRIED, WS
R ERE T, AER — G5 A R SR A T ISP AT I
E 6K, THEFE 5-HMF &%/ RSD, - TiFh
TR EE MR ER, 6 YCTAT I E B {5 5-HMF
R E BN 132.65. 133.28. 128.01. 137.29.
137.29. 128.01 mg/kg, “FHIMEA (131.11£5.62)
mg/kg, RSD N 4.29%, fF& (HHEZHM) 2025 4
WSO AT 7 RS 2 FE 2K, IZ TR R A R 1T
MEEM (R 6).

(2) HIMMEHEHEL: HAKEEEERS, &
I [) — R S R S CEAS RIS U B (] CARRISESR HD T,
% 1I& IMS-ELISA J5 kAT € , it 5 &I [A] £
I 5E 45 B/ RSD. £5 5 BoR, A H AR 5-
HMF & &4 R RLF, H RSD A 2.05%, %5
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REH, ZINEAEAFISEE H 2 8 B R H) HIE
WEE (K.
%6 EEMIWIEF IMS-ELISA 55 HPLC ENELR
(X+s,n=06)
Table 6 Results of repeatability validation for S-HMF
determination by IMS-ELISA and HPLC methods (X £ s,

n=6)

5 J 5 B/ (mgkg ™)

€ IMS-ELISA HPLC
1 132.65 132.50
2 133.28 133.10
3 128.01 132.45
4 137.29 133.05
5 137.29 132.80
6 128.01 132.78
FME 131.11£5.62 132.78+0.39
RSD/% 4.29 0.29

®7 E—FEHRETEWNBEANEN R EBERES
B (Xts,n=3)
Table 7 Inter-day precision evaluated by measuring same
refined honey sample on three different detection days
(X*s,n=3)

AR AT, DL 25 A AH AL 1) 1k FRg 25 44 & 40 0 1
(furfural, F) FI 5-FLAERE (S-methylfurfural, 5-
MEP) {E VAR B [R5 8 25 (0 R (PBS)
KA IR (AN 5-HMF-BSA B, A
5-HMPF). &4FE 05 1 IMS-ELISA Fill 2%
PEREATINE , BRALPAT 3 WK, @R EREOR R 4L 4
2RV LR T JE .

F F1 5-MF 35 9 BERAE #in Tt A7 A2 T
ReAE R LR B 1), AR A F b B SEBRAFEAE
B, HE 5-HMF EAHH I PRI 22 ()
WAREATE, & &1 8T e ik F AR T4k
Y. LIRYEIRALLE RN 9 Fiw, 7l WL 5-HMF 1) 4
8 (0.13£0.01) HEAKT 5-MF (0.19£0.01). F
(0.20£0.01) KEZFAXMIEA (0.21£0.01), ERiZ
AR T RIX a5 2R, RIS SII EAE X
N BAPEXTIEZ A H 5 0.11£0.01, RIAERT &
Wik, EiRg55EEW, IMS-ELISA %%} 5-HMF E
A R 0% 8 R Ry 7 U e

# 9 IMS-ELISA £ 5-HMF ML B o s R
(X+s,n=3)
Table 9 Specificity analysis of 5-HMF detection by IMS-

F #1 5-HMF/(mgkg™) ELISA method (X £ s5,n=3)

Day 1 104.93+2.11 N AME ) AfE

Day 2 106.12+1.09 5-HMF  0.130%0.008 | PBS 0.21040.002

Day 3 109.17£2.10 5-MF 0.190+0.005 | FHMEXTE  0.11340.006

, b I Sy e e F 0.200+0.005
(3) fEtEgL: Ml miEmRR e tEE L t,

7R MU 4 TORE, AT 23 IMS-ELISA SAEKEMEI T ZSHML
0. 2. 4h A, CUGEZ: S RSD W HE PEORA

WIREEE. 8RR, £ 0~4 h WAFHI 5-HMF &
AN, HRSD 2 1.05%, KB AR X
IMS-ELISA H:l0l 04 28 75 Ror Ml i [5)3E Fol P9 PR R A E »
RE 0 T A2 3T 2 A4S I o 2 v e i A 5 U E 9 52 BR
ok (K 8).

225 LEMEL LRERIESE (hEZ )
2025 AR T 75 VR SRR SR U BEAT SR 5-HMF Xy
*8 MIKMAREFEHRENERETHREMNE RS
R (X+s,n=3)

Table 8 Stability assessment of sample solution measured

at different time points (X £ s, n=23)

TRCEL R [8]/h 5-HMF/(mg-kg™)
0 164.08+1.52
2 165.70+2.99
4 167.55+1.55

NIGUEFTEE IMS-ELISA 7515, 7690 2 il i i i
PR IE M, R UG A48 T 25500 5-
HMF & &152m, JFRELIT 5.
231 EEREAAES 5S-HMF S8iHE BUAE
FEMZ1 0.5g, BT ReM, IMAEEZEMK, TK
WA FIRAINAIEBE R, (EFEM TR . KA
WoE AR SomL &, RADEZ KRk
MBIV T, DEREB TR, A
AWK ER BRI L, B, RS AR B
FE WL IR ERE 100 uL, BT 10mL Biih, P
UK ER BRI EL, B, RS AR
TREFE 2K B G 21— AR A, EATH
B R B BRI ra e, SR 3ke
B — PR A, TR S SRR

FEA T S-HMF S &MTEHE, SRR+
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MAFH R EIREE, FHEAFEMBERE . JRIUA
M REAT RO AT H B o TR R G0 - FREURE i m( ),
I Vo (mL) $&BUAFEAT I, B HIFWAE
IFE SR ARSI R 2, RHERUREAT D £
kG, KF IMS-ELISA 8% HPLC ¥E & 753
W 5-HMF iR E C (ng/mL). £ 5-
HMF & & W (mg/kg) % F R4

W=CVoD/mX1073
C KR S-HMF R (ng/mL), Vo R HRH
R (mL), D AFBAGEL m AFERTE (2), 1073 R4
i 25

IMS-ELISA %5 HPLC y:45 31, 3% FEAH R
FE b BT AR 5 #5007 S AT, AR UEAS [F) A
MG 45 R B mT Lt
232 IHEETZSH04 5-HMF AR %
SR E R 8 T 2 400 5-HMF 2B s,
KR B @R E R E, s &t~
EEIGEEE . B UES1) B ()3
i 5-HMF & &M 500026 R IR 4R s
EUREYA 21, ¥ SC ATk IMS-ELISA J5 3 %€ 5-HMF
o, RASLEFATIE 3 K.

(1) BB IR R 5-HMF A2 BRI S0 . ZE At
)AL 2 BEORFEAN R R 264 T, 23 50 e MR I
960, 70, 80 90 C, FHELRERINT 5-HMF 4=
BRI . A SE R R 10, ERER, HEKE
BEH 70 CHEZE 90 C, Fh 5-HMF 585
Bp bIHE MR TR, S-HMF AR
KB IN, 2 B iR A A P RS-
HMF KB 254 5-HMF A8 sl 5 T2 ATk
I8, MR IR B HE RN 75~85 C.

#10 KEREY 5-HMF 228N (X+s,n=3)
Table 10 Effect of refining temperature on S-HMF content
(Xts,n=3)

F1 FEEREX S-HMF 200 (X+s,n=3)
Table 11 Effect of refining pressure on S-HMF content
(Xts,n=3)

JE5E/kPa  5-HMF/(mg'kg™) | H5E/kPa 5-HMF/(mg-kg™)

20.0 24.24+3.60 60.0 21.88+£1.36
40.0 24.24+3.62 80.0 22.63+1.32

P A AR, AR R RIS HIAE (20.0+
5.0) kPa.

(3) JREE BT (A% S-HMF 2B RS20 7644 5%
FEFI R SR PR AR I 254 R, 2 0l I FAE [7] y
5. 10~ 15+ 20. 30~ 40 min, 5 ZZ NS [B] XS 5S-HMF
AR, Rl SE R 120 R BoR, BEE N
AT E S min ZEK E 40 min, ££5F S-HMF & &
FRELFtmEs S hn#Et ] =15 min J5, 5-HMF & =1
g . A S-HMF AR sl 5 T2 R00%,
HEF PR B AR TRl ) 72 10~15 min.

* 12 HERERT S-HMF 22HFE (Xts,n=3)
Table 12 Effect of refining time on 5-HMF content ( X £ s,

n=3)
R B )/ 5-HMF/ W B )/ 5-HMF/
min (mg-kg™) min (mg'kg™)
5 20.90+1.98 20 25.87+2.23
10 19.76 +3.65 30 25.03+4.73
15 21.38+4.07 40 25.29+4.13

TRE IR 5-HMF/ TRE R/ 5-HMF/
C (mg-kg™) C (mg-kg™)
60 21.49+2.24 80 25.66+1.09
70 24484231 90 28.02+2.42

(2) HEEME () X 5-HMF AERse
Wi s F MR 35 U P A DA TR R — B 4, o
WEE RN 20.0. 40.0. 60.0. 80.0kPa, HEIA
) 5 25 A5 S-HMIF A= s sem, &5 9 W3R 11, &5
BRY], BEEIEIRE 80.0 kPa FA{K4 20.0 kPa, #f
i H 5S-HMF & EB A . %182 5S-HMF A4 oK

233 MEMARREMEEL &R “2.1.47 BURET
o€ AR T2 s, HET
60 CHEIF/KBHIATE AR EMELE. 25T 0.
10+ 16+ 20, 28. 36. 42. 48. 54. 60. 66. 72. 78.
84. 90. 96. 102h HUFE. %18 “2.2” TifTiA IMS-
ELISA J7iEM%E 5-HMF & &, R4 se8-FA7il e 3
o Krlgt BB, 78 60 C&AM Rt i, 1
EFEA T 5S-HMF & 2RI A7 A s m (B 4D,
MAFR A E] 48 h 5, PRSP S-HMF & &
([ 24 80 2025 AR AE FBR EEAE (40 mg/kg),
P~ A S R I AE BT e 5 RV A 0 R
U, FESERRAEFE IR, R IR B T iR A
PE BRI ) I A

234 BIHEERREX S-HMF & & 1520
I ARAIRE T 20 IR ERE o, REARE B R
W2y 20g, 4y 3B FEEAKBH, 7580+ 90, 100,
110, 120 CHEH S min, FREHKMA FLKESE 3
Wo INFREE RS HIAE f, JRIGIR “2.27 TipT
& IMS-ELISA J7i%ME R i 1 5-HMF & . 45
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100 1
30
%
&
on o
g 60
=
=
T 401
w
20 A
0 24 48 72 96
A2 [A)/h

4 IMS-ELISA #UHZE IR E X 5-HMF & 889%
g (X+s,n=3)
Fig. 4 Effect of storage time on S-HMF content in refined
honey determined by IMS-ELISA (X £ 5, n=3)

BN, BEEE MR ER T, FEA T 5-HMF 5 &8
TN (R 13D FEARLIG L2 1R E T E N (80~
120 C), FEMEELHFENH S-HMF & =38 H
(R EZH) 2025 FHRPREZER (40 mg/kg), FER
HFIRHAESRREAEEL 80 C. LR K,

13 IMS-ELISA #NGEEMEEST 5-HMF 2 EHF
g (X+s,n=3)
Table 13 Effect of reheating temperature on 5S-HMF
content in refined honey determined by IMS-ELISA
(X*s,n=3)

IMS-ELISA 77 £ G A7 30 X 70 AN [R] 5 #0525 1
TR S-HMF R, EHTAHEERT
P FE M 5 o T
24 IEZLEEBRITHES

MR EA SRR R I AR, R 72
TEIL 2R N FH Hp AT AT 1 32 B A I RE RS . B
ARG A S A E AR AT 4% 1% « IMS-ELISA il
TR EEEFERE M R TE R RN R Bk
GO B O SR . DL S AT A
R, RS EARZI T 2 min, G0 S S ROV 2
75 15 min, B 5K LATE S min, BO5EEL
2155 3 min, SARKIIFERT 224 25 min, A 2
B A 7 ok R R Y B R () RS 5 5K

FERGI A A 75 T, IMS-ELISA B ke B A Ay
7.35 JO/HF o IZBUAS Al SRR T SR I AR P R ORI P
SERRVEFER EEA S — IR MR, 3R &R
W 50 AT F AT IR BUAR SR B (3R 14D,
5 HPLC J7¥EM EL, IMS-ELISA & (A i B A4
L O R G0 R LB R, X SEIR I L REAT
ZAFELRBAR, AR 32 BRI T/ 5 )
AUE SLIGREM . ML Z N, HPLC HikiBwH %
B E T L, FERCER e rIftE . 18R
YGRS LR BARAM A IR B A AR A
b, AN E S KPS TR Fi,

SRR/ 5-HMEF/ 5 HGR S/ 5-HMF/

e (mgke ) c (mgke ) PERRE AP R R T B T S . S EURE I
KIMHA 36.75+3.57 100 42.2042.05 L2 I35 o, IMS-ELISA BAT HREAAer Il 9
80 40.52+2.44 110 44.5941.33 3SR 7 R e AN v B SR e S (S P U E
90 41.29+2.83 120 44.14+3.02 B IS RN 2RI T B

% 14 IMS-ELISA 8% &@MEMZ4#5F 104 H 5-HMF 2/
Table 14 Cost of single IMS-ELISA determination of S-HMF in Tongren Niuhuang Qingxin Pills

Jiik 5% ILTEES s ot Ao
IMS-ELISA  f#¥k Beaver Beads 20 uL 0.72

5-HMF Ab Green Spring 40 pL 2.00
BSA WAL E R B RS 400 R A BR A 7 01g 1.25
HRP-SA R BREERHERAF 1uL 1.50 7.35
5-HMF-BSA-Sulfo-NHS-Biotin Green Spring/Thermo Scientific 3ulL 1.50
PBS e B ERHA R AT 10 mL 0.15
TMB FE S RAEVMEARBRMH AR AT 100 pL 0.23

FERAEE R /7T, IMS-ELISA Kl 5 3% 2 A
BRI RRAE , AT 2 HURE 5 $2 - 28 38 -
I3 B e o B - SR e 7 P AR, FREN T
BAEILRE LBl NS WLy B 55 B s, 4k
IS FH HH R B R ) LS s R URE R S R A

) —Zhk « FRe A gz i) LA ORAEAS IS 5 Ab T 2
prch e NI SR o L AN RSN Ll N
YRR AR AR E M UL R REHE OB B S 5 AR
FEH T IR EEER . BRI RM], Z5kfER
d B Sh A s KN T
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3 T —IRMEAE L, A H B A KA SR T

HH 24 B KA G ) 7 o e R A B A 2R I A
1224k, S-HMF R B ) ) =9, Hof &
BUE I b S I S TR R AR A, G R B v 24 AL
7B FH 24522 2 15200 AR 98 37, IMS-ELISA £ 5%,
SCIL T B AR 5-HMF 1 AU, 3
%% T2 RARmERN. 458 8xR, IMS-
ELISA VIR Rt Hisil il &Gy B s 5, B
SRR T, RARIFMARBESESN, H
LRV Y. A H PR 0.32 ng/mL. 5-HMF & &
e85 HPLC kM EZR LA ¥R X, RHZ
1 Z e B e mE HER PR S PR TR

FEUERGEEIAE T, IMS-ELISA W175-45 5 i bRk
i Z W& =T HPLC . %257 EBYRT 2 Byl
JEH SRR HPLC JB& T B sk
AL M7, 55 kR e HE S 1 IMS-
ELISA £ THu 5 -Huike 5 il, Ho Kbk E &,
BRIk I g% 55 e - 5 2 D4R, BENLIR 22T 5 B
o AR, SE4 Y G o W T s iR B XK /N
HZEFRONBUR, FIREUR 4 EH3Esh. REW,
IMS-ELISA [f] RSD ¥J3% 7L 50 M J7 i 28 v #5278
I, HIWEME S HPLC 455 —8, 24t
I v Af 1 S A e M R

TEANFRE T Z%M4TH S-HMF 24k
BH, S-HMF A2 R Bl 0 40 5 R0 fin AV ) 228 4 17 42
EWIN; SRR AT, TR FrRgE, iR
NIRRT A EA R T H] S-
HMF (i B 828 8515 5-HMF 1E LR %
IS 55 BB 7K S L= BT L — 8. te4b, 7R
W7 R R B, 5-HMF & 2 R8T Efa s, i
) I 388 S ) i) w47 S s IR A

RS RONGE T 2S5 K A re i #E R
B TSIk YE, ik BRI T I 2R AS
e RIS R N HANME . SR it kA,
IMS-ELISA B ETHAPUEF Al AT B 2 FE A
SENF, TG EAE 24 E I R A A I Bl &
P SLI6 =TT I 2R A o 7 S8 AP 1 2 ki
Kl fE e, IMS-ELISA A L 815 5, £
B AT 2R N 375t N B R s AR e . [F)
B, %A LR B AT AR — 8 R PR

VERGIE T8, HARIEREE — €2 b
W T IraR s S et AR AR E
R AT BERCIA 45 A UK . AR I H TR R BCREER

HIPEREAR M HEAT RGEPHAl . LIRS, BEBRILIXE 7
G TE G NS (TR, IR VRERIREE) JRA]
REXTRTIN G5 B AR 5o o BExS IR iR, 5 2R AR
AL R AR PP . A AR ] 5E 5 P SR
W%, JFRGUIEAEMH A S EEMA AR, Dt PR
THRERIREE T S a5k

4 g
AR FESL T —FpHE T IMS-ELISA [f] 5-HMF

R ik, FRREFL N A T o 25 AL R R Y

JRE M. 2R R RIFARr L. REBEAE

RN, K ISE RS HPLC B A R ) E .

G MR (process analysis technology

PAT) PE7%, IMS-ELISA RIFE )R 570 o &

JEVE R ZAT I T B, H T A% 5-HMF 5 8424k

PO R T EmEE, IR E T ZS81

PR B G4 e B S ARRATEAN ) 2

U ATT RAPER A T RRZ L IRIE, JEa S

H s B S 8RR EOR, #E— %7 iR

Hh 24y B R R B G RS AL S AL
Eift: AL BRA=E R A Mo SR A KR
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