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Quality Evaluation in Processing Degree of Corni Fructus Based on Near Infrared Spectroscopy

FAN Xiaoliangl, ZHANG Chunz*, RUAN Weifengl(I.Jiaxing Hospital of TCM Affiliated Zhejiang Chinese Medical
University, Jiaxing 314001, China; 2.Jiaxing Institute for Food and Drug Control, Jiaxing 314001, China)

ABSTRACT: OBJECTIVE To establish a fast and nondestructive detection method on the content of 5-hydroxymethylfurfural
(5-HMF) in Corni Fructus by near infrared spectrometry, and used to identify the processing degree rapidly,. METHODS The
quantitative model was built based on partial least square method with 54 samples, and then the models were optimized. Nine
samples were used for content prediction. RESULTS The determination coefficient of the calibration models was 0.925 6, ratio
of prediction to deviation was 5.06, root mean square error of cross validation was 0.022 0, and root mean square error of
prediction was 0.019 3, these results indicated the correlation between the predicted values and the true values was good.
CONCLUSION This method can be applied in rapid quantitative analysis of 5-HMF in the samples of Corni Fructus and
identification of their processing degree. The method has the advantages of simple, rapid, nondestructive, accurate and safety.

KEYWORDS: near infrared spectrometry(NIRS); Corni Fructus; 5-hydroxymethylfnrfural(S-HMF); processing degree; quality

evaluation
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1 #r
1.1 X8

MPA LR AN (FEE Bruker AF]), #
OPUS 6.0 Bt R4t : 6001 B m 20 i 4% | 486
A 3% (35 [E Waters A #]); KQ-250B 7 i1
PRI (LT3 B LB A ZS A PR A A ) AL204 HLF
R (HEF #h-HE R 22 S50 BR A 7)) &S
1.2 K%

Ll 2R B B Al T 5 KR B e R 245,
2T A = 24 K 5 B g 3 % b = o ] R 4 b 24
o35 AR A AR N 7 B 4 AT R 24 T 4 e ol 2 B R
FE) 1L ZE 8 Cornus officinalis Sieb. et Zucc. i) Tt
FSC A SR PR D LA s G R ) 5 R At o
mfE et 63 ik, BENLYR S, MRS ERILE 1;
2B I H N AR T EAGRAARAR, &
Y58 ARG M 1L 2 T R AR ;. 5-HMF
XF RS (AR E i B, b
742-201421; 20 =99.2%); HWE N GEA, HAe
WRAVEI A ITEE, KON EERG I A5 K .

R1OLREHRERERER

Tab.1 Sample information of Corni Fructus

2 k5%

2.1 FEALHI

210 PR ERE] S B A R K D 5 B
wh, TRRE B AL B R, I 60 B, A
EREARL) 1.0 g, IS4 50 mL H 75 (250 W,
40 Hz) 30 min, i3, JEEFIN 10 mL S5
10 min, 98, AIF 2 RIEW, 2T, FHLL10mL
AMEE(30~60 C)#EAE 2 min, W24 MEAR, =
B EREAE 1 WKE, BREBETER, DR RE
HERE S0mL &P, 0.45 pm AL E G
#47 HPLC Z3#fr, & 20 pL.

2.1.2 WHEAEMEE A RSB FREL S-HME X HE i
4.80 mg, LAFEEERZE 10 mL £, HRIKE
N 480 mg-L™" X R S A V&

2.1.3 JGIBFEAH % BT LR ILZEEERE S,
T 5 B LT B R, 23 lid 20, 40, 60,
80, 100 HIf3RTF 5 FRiEERIRE S, % 2015 i
(5] 24 . DY 356 [5] E DY 40 VE O 1 0 4, TR A5
JEHURE, BEREEEERIN 15 mm, fOEIEEH. 45

G5 KR 5 s K fits 5 KR fits
1 Wi KRR T 160601 22 FNARTT 160728 43 Z T 20150903
2 FENIRTT 160702 23 =2 N i e 151230 44 TR T 15043006
3 FENIRTT 151110 24 i RANERA 20150801 45 ZRUE 160702
4 TIANE 20160605 25 WL AR 20160202 46 BUNRZE 161112
5 FENIRTT 150826 26 L] 20160311 47 Wi KRR T 160505
6 FENIRTT 160317 27 LRIRIR 160805 48 TWAN 20160412
7 AL AR S 16010712 28 LR 150630 49 = W 151001
8 Wi KRR T 160524 29 LA 160719 50 BUNRZE 161101
9 ZM T 20160223 30 BN R 2 150930 51 2 160101
10 LM 160314 31 BN R 2 160825 52 Z T 20150721
11 FNAERTT 160401 32 LA 14110301 53 W= 16012201
12 BUNRZE 150801 33 BN R 2 151203 54 FENIRTT 160413
13 LM 160411 34 Wit KT 160227 55 Wi KRR T 160423
14 Wi KRR T 160320 35 s e 151021 56 BUNRZE 160524
15 LA T 20160119 36 FENTRTT 160609 57 BUNRZE 150903
16 BUNRZE 151212 37 ZHTRIE 151220 58 FENIRTT 160626
17 IIRA e 161009 38 FENIRTT 151222 59 LA 20160511
18 BUNRZE 161026 39 LA 151015 60 ZRUE 160108
19 AL AR HS 16030403 40 WL AR 20151227 61 Wi KRR T 160207
20 FENIRTT 160422 41 BN R 2 160703 62 ZRUE 151225
21 FNAETT 161003 42 i RANERA 20151201 63 FENIRTT 160212
dr [E EAC R FH 2527 2019 4F 6 H 55 36 555 11 Chin J Mod Appl Pharm, 2019 June, Vol.36 No.11 - 1353.



R IFE SoRLE RN, AR S0 AR ik 23 T HPLC
HAH, 1T 60, 80, 100 Hfifty 3 Fih 5 X 4k 4 13
TIE I SZ AR R e, Hok Bt 60 H 5 iR okl

JE LRI o
2.2 HPLC Jli5E
221 M %&F Sunfire Cpg 43 4 (4.6 mmx

250 mm, 5 pm); ViENAH: HEE-0.4%EER(88 & 12);
R K - 284 nm; AF i : %R ; W% 1.0 mL-min”',
222 ZMERRFEL  FEEWI S-HMF X I 5%
7 0.1,0.2,0.4,0.8, 1.6, 3.2 mL 4 5]F 6 4 10 mL
BT, MPBER, B8, #% “2217 WTFA
WA EREN S, DS EIE R, DL () A
Ak, HEFEIRIZE X NRR AR, SfilbrEdh sk, 15
[ 77 FE Y=165 848 471.66X+32 451.08, R*=0.999 9.
45K W), 5-HMF 7F 4.8~153.6 mg-L™' N 2 RIF2k
PR R,

223 AUEFEHEEAL RS S-HMF X
TR 20 uL, HESEHEAE 6 IR, % “2.2.17 TN i
S AT E , 15 5-HMEF W FA %) RSD {8, 45
F IR RSD N 0.81%, KX HKE % R UT .
224 EEMRE WS HN 1 KRG,
i “2.1.17 BUR i, PATHIE 6 Mtk i i i
2 “2.2.17 WUN O3 KA AT I E, dSRUETHIAR,
TH5E 5-HMF )& &, 4R 278 RSD N 2.48%, &
Wik EE R

225 fREtEREE BRSN 1 BILZREERE M,
e “2.1.17 WU 7 ) % 4 R O, 1%
“2.2.17 R g &AL T 0, 2, 4, 8, 12,
24 h #47 5-HMF & & 1E, 5% RSD {H, 45
BN 2.13%, RS VERERE R LT

2.2.6 MFEENEERIRLE RBERR 6 oS E
LR (R N 1, &8N 1.82 mgg),
%343 0.5 g, BN 5-HMF X IE 5 0.9 mg, %
“2.1.17 TR A AR IR, 4% “2.2.17 T
TG R AT I E FE AR, 45 R BN
[N 102.8%, RSD N 2.97%.

2.2.7 FERIE W 63 HLILZEBEREA, $242.1.17
TR J7 ik & A R, B R R “2.2.17
TR g FATIE 3 Ik, BUPHIME. 4R E
AR ASEHEKFE dhh 5-HMF & 2 A7
KER, SEH&RNMAN 1.06mgg", SEBEEN
469mgg’, FHIEEN250mg g SR WNE 2,
K1,

<1354 .
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Tab. 2 Content of 5-hydroxymethylfurfural in 63 samples

1

mgg
He R |mE &R |#ES &R |HE &=
1 1.82 17 2.28 33 3.74 49 1.26
2 2.81 18 241 34 242 50 2.10
3 1.89 19 2.90 35 3.34 51 1.51
4 1.82 20 291 36 247 52 1.55
5 4.69 21 1.68 37 1.58 53 1.06
6 3.38 22 2.15 38 1.99 54 1.48
7 3.82 23 1.97 39 1.97 55 3.38
8 2.8 24 2.58 40 3.52 56 2.22
9 2.65 25 347 41 1.71 57 241
10 4.01 26 2.54 42 2.47 58 2.58
11 3.39 27 3.51 43 2.26 59 3.15
12 2.22 28 2.11 44 2.26 60 247
13 3.14 29 3.28 45 2.53 61 2.47
14 2.83 30 3.15 46 1.60 62 1.86
15 2.70 31 3.30 47 2.68 63 1.48
16 1.59 32 2.24 48 1.86 - -
A 1

0.00 1.00 2.00 3.00 4.00 5.00 6.00
t/min

0.00 1.00 2.00 3.00 4.00 5.00 6.00
t/min

0.00 1.00 2.00 3.00 4.00 5.00 6.00
t/min

1 LK EAR ) #5 HPLC & 3% &
ARG BBV C-28 AIRER IR 1-5-72 TR RS
Fig.1 HPLC chromatogram of Corni Fructus

A-reference solution; B-sample solution; C-blank solution;

1-5-hydroxymethylfurfural.

2.3 JuilEdE R

T2 25 TR 50%M 9256 = & 1F R kAT
IE 4T 4N near infrared, NIR)MGIE KA, KA EK
8RB R S5 NIR G H K 12 500~
3500 cm ™ EER 8em™; LMXAS N BT FAS
HEL. K 1 20 B ) R oK N B4R 50 mm [ e i
FESAR, TSGR RE 2% T R S AR N I FE S5 AT
HREERE, SREARESEM 3 K, BUYME, BEL
EHH A 54 ANFERME IR IESE, 9 MEARLE R
WESE, BOEEMEAOGE SR T @8, FEA R
NIR Jt i & 0L 2.
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12000 11000 10000 9000 8000 l 7000 6000 5000 4000
v/cm™

B2 LR R R AR UL SNE RO L
Fig. 2 Original near infrared diffuse reflectance spectra of
Corni Fructus

2.4 DG TUALPE L B e

KR U —Fr S8 REHA 1. Z2I0HUY
RIE. =R+ REBA—L. M FH+HE
— 2 E4Z UM TS NIR ik gk T AL, [A)
I, 254 OPUS 6.0 3 fh ARG HEFE (M A B, i
ITJREBAE M, B A B . AN FEDGIS TR B T
R IEAS Y - B 2 B R R A B u Tl L3R 3 45 2R
TR o B S AL PO R e E RO
(determination coefficient, R*)fE i K, & X I&IEL
J7 #R & % (root mean square error of cross
validation, RMSECV)fg/lv, K — B 3 5fE
AL TV, & — W SRS I B LA 3.

0.001

0.000

-0.001

0,002
;H

= _0003

-0.004

-0.005

12000 11000 10000 9000 8000 7000 6000 5000 4000
v/em™!

B3 %—H3HHEEHILLLIMEE
Fig. 3 Near infrared spectrum after first derivative processing
2.5 EEMRRRES 5

T ik Bl 22— I HSE 2 R IE R AL B
J&» KM PLS #3572 NIR Y i 5 HPLC FAH 2 [H )
RIERAL. DL RMSECV JyiEtr, isH#H &AL X
WAE, MEFERAEER TR R RMSECV 1 R?
i AR AL . RMSECV B/, R? K I 13 HA 455
RYFR IR e 78R AF o 45 SRR AR f 32 I
THN 9 i, RMSECV #2/8:0.022 0), 1fj R* K
(0.925 6), FEALHIXNS 3 HT 1R 2204 5.06, HUHE A HE
TR T 708 90 A 4EBON B A #8385 IE
ff) R* A1 RMSECV W% 4.

R3O F G HUALIE 7 % IR AR A FON 0 e 5 R AR B T

Tab. 3 Predictability parameters and spectral ranges of calibration model with different preprocessing methods

AL ER J5 1% R? RMSECV P Bl fem™
—Wr 34 0.925 6 0.022 0 8 547.4~7 486.7, 6 156.0~5 631.4
KEE—1 0.9109 0.024 1 6 171.4~5481.0
Z JLHURAS IE 0.909 4 0.024 4 6 109.7~5 481.0
—Fr FH+ KB 0.904 8 0.025 0 7795.3~7 502.1, 6156.0~5295.9
— M FHEE R E A 0.895 7 0.025 3 8 485.7~7 455.9, 6217.7~5 403.9

T4 BN N R EH R An RMSECV
Tab.4 R*and RMSECV corresponding to different ranks

iR R RMSECV
1 0.4422 0.060 3
2 0.5752 0.052 7
3 0.638 4 0.048 6
4 0.722 7 0.042 5
5 0.780 6 0.037 8
6 0.8333 0.033 0
7 0.887 4 0.027 1
8 0.903 3 0.025 1
9% 0.925 6 0.022 0
10 0.922 1 0.0225
TE: *HEREYERL

Note: *—recommended dimension.

R E BACR 2524 2019 4E 6 H 45 36 45 11 3

2.6 NIR 7 Hr )7 iE5 # 42

FEEEES. BOMWEEmER 1 SFEM, %
SRR 5 Ok, IF DL L AR T 3L 5-HMF &%
W, HEPIE A RSD H. EEMHEE: B
BT SFER St Zrlknfie. 0. A,
LAY 5 A3 FE i b S-HMF &=, i
HPNAE 2 (8] (%) RSD . FaEt#s: A1 5
Fedn, BERE 1R AT 1 R, FF3K45 5 Ik 5-HMF
T & &, THE A < 5 RSD fH. A4
F 1) RSD {E 3 58 2.21%, 3.77%, 4.85%, W]
T LM NG % S R AF, B Sei o i ik &
SRR E MR, AT DA R A BT K
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2.7 BRI S A 5
LR, SRS 5EBEBIES 9
MEEABEAT 5-HMF & & Hl, 4R WK 5.

®5 HAFMER

Tab. 5 Predictability results of calibration models

FEA HPLC EAt/mg-g"' TE/mg- g™ ERSRT S
55 3.38 3.48 0.10
56 2.22 2.33 0.11
57 241 2.23 -0.18
58 2.58 2.49 -0.09
59 3.15 3.15 0
60 2.47 2.35 -0.12
61 2.47 2.46 -0.01
62 1.86 1.65 -0.21
63 1.48 1.33 -0.15

B MR 1 B 11 e 2 1T 2 e B AR R 1) o =
5 oh, SRR S BRI AE 1, R AM AL IR T
W EREAT o NSRRI TNE 5 HPLC K
B RIAH I B 4. B2 A 0.925 6, RMSECV A
0.022 0, AMEBESUEIYTT 224 0.019 3. AI UL, Frig
S E B R R B R e 7y, v AT

I ZE A 5-HMF & & PRI 2 .
6 * BLESE
5 A YriiEde .
on
o 4
£
@ 3
=)
1
O 1 2 3 4 5 6
Al /mg-g!

B4 FOUEEL EMEEAHEKME
Fig. 4 Correlation between predictive value and true value
2.8 MU FEA NIR

BT kg WWZRBEAE S, BREZD, % (WL
o 2 R ) 2015 e bRk LU 2R BAR ) SR e A
U T AR A e b W 2, Je ek,
fr “BR7 JEe ek, K10 h 5, FaBUR 10 h
FEH R RO MR AT IR AG T
i, 4570, 2, 4, 6, 8 10, 12, 16, 20 h B
B, T 60 CTHE, 474, i 60 HIf, HUFEEA
AN TR H B T ) 1L 2 B 2 AR o P AT 3R A R
AR 3K, FEMMDEIESTR, JEHIERERN NIR i
W25 5 Ko HPLC W 25 R W& 5.
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0 — A
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Bl5 WXRFREHIES S-BFERENEE Rl &
Fig. 5 Variation curve of 5-hydroxymethylfurural content
during the processing of hawthorn

5-HMF & &5 Ml i) (8] () ek s hn, 78
KUK, AT 5-HMF &8P RS, Mk
8~14 h Z [ 5-HMF & &A%, M2 fEa 8
Inggtg; {EMH] 14 h 5, 5-HMF BTl & &8t
63 MERRTFHEEQR.50mg g ). I =
D FTHH] 14 h DL E A BEORIE 5S-HMF 7 &k 2P
AKE, SRR ILZRBE R B, AFLR, 5 (W
T8 25 RSE Y A XA A 0 R 3 R JE A
—, BT 1Z NIR B i #2 o S-HMF
BRI, FEA AT SZEU 1L 2R B R FL T A PR
3 g

1Ei8 ] PLS VAR AL, N7E 4wl
SEHAERE BMARE, Fife PLS T3
FHTFHGL N, RS AGEEEARE, AR
S A 2 23 7 A 1 R B (e ) B Ak, T B
AR T A B, R B “ RINE” LR
FHTFHE KN, BT ZRAEFE, B
fEMetl, MEBIRITIGE /1 MR, W “dE”
504, R2 A RMSECV 2 50 5 3 IR 7 51 2
AN FERZE, BT RMSECY £/, R &K
B, S TR AE 5 A o 5 3 R ) A e T
TR 6 v P B -

AT FAE RAOG G B Bok #21), T OPUS 6.0
B R G 0 R B B RE L RPN
RMSECV A& 4abr, #ATREBBEM, MH
P I BB B Aff e AR A B . P B AR fh i
BEAT R R RICRE R, WA E R E, 2
AT MERE, & AR A2 NIR HiE 0T
Tiisb £ .

AHF TR PLS #2575 A A% 1l 28 9 Fy
H1 S-HMF AT PO F, A e 5 A 2 (7]
(A PELTF, R N 0.925 6, AHRXTAMHTIR 2N 5.06,
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RMSECV 4 0.022 0, #MHIGUE 7 28 0.019 3,
ZIEF BN LR B AEA S 5-HMF & &, &
TSRS R A F LT, BEHRE. .
PARIRE A D PUERE I L2 B S-HMF 75 = iR
HCH R AR B SR A AT AR, 2 T 5
MR EOAEL TR .

Hh 24 () 2 — S B AR AL S o AR A i
e, FRER NI AEE T R AR R, AR
WFFLIE R T 1l 20 B A i dok 2w S i 4 i N IR AR R
PP 5-HMF 1E NP fabr, @ik NIRS Fl
5-HMF & &1k, o] A — & FE B b se gt 26
B FE R R I W . A, A FTEE LK) NIR &
ERMFEARR D, ELRIE R REHZ
BHEARMER LR GEREA, BT R EEEA
i, A Refigi A T Al R, T AR AS DA
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