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Rapid detection of moisture and ash content in Epimedii Herba using
near-infrared spectroscopy
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Abstract: Objective To establish a novel method based on near-infrared reflectance spectroscopy for fast detection of water and ash
in Epimedii Herba, and to investigate moisture and ash content in Epimedii Herba samples from the Chinese markets by near-infrared
spectroscopy. Methods The best calibration model was under the following conditions: standard normal variant and detrending for
scatter correction, principal components analysis for cluster analysis, “2, 4, 4, 1” approach for mathematic treatment, and modified
partial least square for regression analysis. Results The proposed calibration model of water and ash based on near-infrared
spectroscopy possessed satisfactory precision, accuracy, and stability. Coefficient of determination for calibration and 1 minus variance
ratio of water and ash were 0.884 3, 0.800 9, and 0.938 7, 0.851 9, respectively. Correlation coefficient of prediction reached 0.9 and
residual predictive deviation exceeded 3.0. The contents of water and ash in Epimedii Herba samples from the Chinese markets were
measured by near-infrared spectroscopy for the first time. And 100% and 82% of Epimedii Herba samples meet the criterion in the
Chinese Pharmacopoeia. Conclusion The developed quantitatively analytical method based upon near-infrared spectroscopy is
proved to be a rapid, precise, accurate, and non-destructive alternative to the conventional technique. And it shows the great potential in
quality control of Epimedii Herba.
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Fig. 1 Typical near-infrared spectrogram of Epimedii Herba
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Fig.2 Typical near-infrared spectrogram of Epimedii Herba
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Fig. 3 Correlation coefficient between contents of water and

ash and spectra values for the second derivative transformation

22 HRENFIESXS

1E I BT ITENE T 130 N REREARY
KAy~ KAy (GR D, FFHHAT T4 /Mg 4 i
. &3k PCA BEMWTE, &G IKEEEA 3.0
PIEERBIBR T 5 A EEAR, R T 125 MEARE
— 5 LRI o) B bR ARG AE (GR 1. R 1 7]
DU, EFRE. BEEER > SRR A R
PR, IGUFSEREAIK . KO0 P brifE
ZE LR AR BRI, B UF SR W E O A 2,
REM T 5 b R 30 IE
2.3 ELISNERMEEIRYE AL
230 HeEREEEE 8 H RSQ AT I-VR R
VESEPE LT A E ARBE IR 5 1 T B 10, o,
RSQ F/R e bR e b AL S AT eI 1 B 7%,
RSQ i i W 52 b B A it s AR AU AR 1) 7T 0 R
s 1-VR RoRAS SRR R P e A2 4o e A AR
SEFTRERIR I 2%, 1-VR B i RS XA 8
HE AR i R AR AR I 2 ki . FRR 2 1]
W, MEEAREET S 92, 4, 4, 17 W, EREEFEZ
KRR 3y e b (7] RSQ+ 1-VR K, 730 7ilh
0.884 3. 0.800 9 £10.938 7. 0.851 9, [HI} SEC. SECV
BN, DI ECH BT e “2, 4, 4, 17,
R HUG R B P A8, UG A (R
4, FHFACBEAIRG ] 4, UCHIEALBEIAIRE A 1.
2.3.2 [R5 BT TT VI E $%3Tﬂ,éﬁﬂ
IYMT 70 MPLS I, $R2EREAMIKIr . KA FE bR
ﬁﬂ%R&DﬂlewAUm%EB\Wﬁ&ﬁ
PCR. PLS. MLR [1J RSQ #l 1-VR, [XtiE$ MPLS
VE Ry B IRl VA 23 B 73
24 IRLHNEFREBLRY SN ERIEIE

U AR E T SNVAD. T A
) PCA. BUEibs iy Xoh “2, 4, 4, 17, [FIE5Hr
Ji10 MPLS B, FEFEEAMK IS Ko e hrii L)
SEMRCR B o R T 30 PR e A (R Tl i
g, FIFHRAFEX bR AEEAT T A MBIAIE .

F1 EREMRIEEFEEEERKIIRS 2

Table 1 Water and ash contents in Epimedii Herba in calibration and validation set

o | K4y _ A KAy _
P 10 /% BIE/%  beEE FEAEK 5 /% W bRz
Ee S 130 3.8440~8.5664 68597  0.961 6 130 3.3303~14.025 1 72189  1.7642
JERREE 105 4.679 7~8.566 4 68713  0.8078 100 3.3303~14.025 1 71502  1.7132
IF4E 20 5.4860~8.5209  7.4592  0.8014 25 43974~133337 74480  1.9377
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Table 2 Effects of mathematic treatments of spectra data on calibration model of ash and water in Epimedii Herba
(D' E YT /% S.D. SEC RSQ SECV 1-VR RPD
KAy 0,0,1,1 4.2341~13.173 9 1.490 0 0.9223 0.616 8 0.748 0 0.4272 1.992 0
1,4,4,1 4.270 6~13.128 7 1.476 3 0.5297 0.8713 03759 0.733 4 3.9274
1,8,8,1 4.270 6~13.128 7 1.476 3 0.561 1 0.8556 0.370 7 0.7370 39825
2,4,4,1 3.981 7~13.762 8 1.630 2 0.403 6 0.938 7 0.5243 0.8519 3.1093
2,8,8,1 3.9670~13.723 1 1.626 0 0.571 6 0.876 4 0.5349 0.678 2 3.039 8
K5y 0,0,1,1 4.779 1~9.266 1 0.747 8 0.363 0 0.764 4 0.303 2 0.713 8 2.466 4
1,4,4,1 4.674 4~9.320 7 0.774 4 0.2950 0.8549 0.239 8 0.809 9 3.2294
1,8,8,1 4.674 4~9.320 7 0.774 4 0.306 2 0.843 7 0.254 8 0.7927 3.0392
2,4,4,1 4.6850~9.319 6 0.772 4 0.262 8 0.8843 0.247 4 0.800 9 3.122 1
2,8,8,1 4.682 0~9.3314 0.774 9 0.2822 0.867 4 0.248 8 0.800 9 3.1145
RPD = S.D./SECV
#3 ARIEVIS T EIZEERS RS EFFEEBIFM0
Table 3 Effects of different regression methods on calibration model of ash and water in Epimedii Herba
1'% E VRV ¥ WIRFS /% S.D. SEC RSQ SECV 1-VR RPD
Koy PCR 4234 1~13.1739 1.626 0 1.6275 0.001 8 0.7512 0.229 1 2.164 5
PLS 4.270 6~12.128 7 1.726 0 0.8257 0.771 1 0.774 3 0.6553 22291
MPLS 3.9817~13.762 8 1.630 2 0.403 6 0.938 7 0.5243 0.8519 3.109 3
MLR 3.9670~13.723 1 1.726 0 0.8015 0.784 4 0.563 8 0.844 7 3.061 4
Koy PCR 4.6879~9.308 0 0.770 0 0.493 9 0.588 6 0.408 8 0.569 7 1.883 6
PLS 4.686 6~9.328 2 0.773 9 0.282 8 0.866 5 0.2518 0.795 5 3.0735
MPLS 4.6850~9.3196 0.772 4 0.262 8 0.884 3 0.247 4 0.800 9 31221
MLR 4.687 9~9.308 0 0.770 0 0.3374 0.808 0 0.253 6 0.787 1 3.0363
A 8.868 B 12.684
£ 7913 10.872
§ 6.957 i 9.060
= g
= 6.001 E% 7.248
5.045 5.436
5.431 6.170 6.909 7.647 8.386 ST 7:549 9:387 11.225 13.063
LTS % LA FAE%

[ 4

MO, HOLMA AL NIRPIAL. 4528 RIZ

Black, yellow, and red lines represent regression curve, 45° line and limit line, respectively

EFEKS (A) FARS (B) ELIMERFEERIIMERI IR = E
Fig. 4 Scatter plots for water (A) and ash (B) in validation set of Epimedii Herba
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27.50%. ¥ 5 oW, WERFEEAGM K S
Fe 2 ik 100%, HAK 7 Gk AUA 82%, $ernit
2 IR FEREAM P AR Z, KM TR N
SE M

F4 ARMEXHEZFEFRKS RS BIELLIMEN
Table 4 Determination of contents of water and ash in Epimedii Herba from Chinese markets by near-infrared spectroscopy

Hb[X K5 % HKAY 1Y% Hhi[X K51 % WK 1%
TLVGEEM 6.3820 7.5320 L7 K 7.159 0 6.7550
PRIRTL A IR 5.953 0 5.2950 g — 1Y 7.2210 6.6110
BRI 5.2400 12.394 0 IR 7.4190 57110
Jbae 5.463 0 6.3130 IR 7.9230 11.804 0
TLHFE R 6.2330 7.161 0 bR 6.846 0 7.240 0
VY 1 SR 5.4850 6.683 0 S 7.3000 6.2470
= R 7.1820 46240 BV 5 4 5.374 0 5.498 0
AR WA 6.8840 7.5720 B g S 6.609 0 7.919 0
I IRZR5E 7.2570 6.684 0 I8 VG 2 43820 6.3050
W ZRZE 72160 10.223 0 e G A A 6.973 0 8.286 0
LG4 6.982 0 6.604 0 I ERM 6.538 0 6.4250
ol g 3.950 0 11.1320 G 7.8450 3.556 0
RGN 6.422 0 4.0370 i 7.448 0 6.990 0
THEL 44820 8.1810 TR 22 7.7270 54270
RN IUE=S 7.388 0 7.5320 PN 4.670 0 6.949 0
LT PR 46530 6.178 0 B v 7 %2 7.3340 7.345 0
e AR FH 7.474 0 5.789 0 N 7.017 0 7.655 0
HET 8.366 0 10.874 0 B VG T e 83730 53770
AL H 7.2150 7.898 0 e v e 8.1530 6.7300

8 A 4 B

g .

S %o
) X

0 0

3.95 5.06 6.16 7.27 3.56 5.77 7.98 10.18 12.39
FEAHL
5 MEEFEHMKS A) MRS B) EQ4H
Fig. 5 Determination of contents of water and ash contents in Epimedii Herba from Chinese markets
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