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WE. B AToastbEERdshdns Z2RTHIRET SBNSET X, Fix KESHIZRTHRKE
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Abstract: Objective To develop a method for the rapid determination of polysaccharide content in ganoderma lucidum spore
powder capsules using near—infrared spectroscopy. Methods 35 ganoderma lucidum spore powder capsules samples were

collected, and the near infrared spectra (NIRS) were collected by diffuse reflection in the range of 10 000~4 000 cm™ with 64 scans
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and a resolution of 8 cm”. Each sample was repeated three times. The total polysaccharide content determined by anthraquinone—

sulfuric acid colorimetric method was used as the reference value. The data were divided by the Kenston sample set partitioning

method, and the effects of different spectral preprocessing methods on the quantitative model were compared to determine the

best spectral preprocessing method, Partial least squares (PLS) was used to construct the quantitative model. Results The

polysaccharide content ranged from 1.5% to 3.0%, and the relative prediction deviation (RPD) in the established PLS model was 3.40.

The correlation coefficient 1, of the validation set was 0.960 5, indicating that the validation set of the NIR model had a good

linear relationship with the polysaccharide determination value. Conclusion The rapid prediction model established by NIR

technique can accurately determine the polysaccharide content of ganoderma lucidum spore powder capsules, and the method is

simple to use, which can provide a rapid determination candidate for quality control of spore powder production.
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REFRIETIRE Ganoderma lucidum ( Leyss.exFr. )
Karst. 3% %2 % Ganoderma sinense Zhao, Xu et Zhang "]
FHEFR L (RABEZ ) KR 250N L,
A ETHERMEAS, Behey, Xeaam, BA
e 25 HI SRR B, T R N R
2. =ik BAE. SRk RS . BT
HhE, =AY L T SR TR
REZEWBIE, WaETIERR T2 R EZ AT,
HARZH TS B, Horh 205 =i 55 1
IR TE G RE PR T B HE T AR Scilikaay
KW RZ LA FTe 2 dirE, HR A AR
FEHEHEE TP M B, et A TR
TR RZ AT TEDUME . SeBEi T | il
R 557 T AT RAFRO AT S, (B Brseat A5
PPy AEAE SRR T L AME T AR
( near infrared spectroscopy, NIR ) HA P,
AR IL AL, FEZ i . B2 N aIE 2z
S, B O A R A, PO AR, AT
TR . A TR IR i BT 45
ZAJT . VR —RE L, ERZA TR
IR ) s BT ST oA WA, DRI RIS A 0
LLAMGIERAR G S AR 2B By v, M
PR 73 BT R 256153 JEC e v 2208 5 Bt Y A
AL, HIWE s AR PTREME, R Z R
PR BN R BEBOR S E
1 bR

Antaris [T 8 B i A48 e 37 21 40 635 ( 2 H
Thermo 23] ) , UV2000 55k — AT WLAEGEETT [ E
Jer] (_big) A RAT |, LDZ 5-2 Bopl (b
FEEOHLUT ), KQ 52008 # A (B LR
WRAARRAF), HH-4KEm (EERSARA
") ), BT-25S ML F 434t KF (b a8 2 R
RGEARATF ). 2021 4F 1 A 2 2023 4F 1 A 3Lk
A RL L BE R TR RS AE i 35 ik, it
WL 1o JoKA AR B (HES 110833-202109,
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ZHE 99.9%, KA FE A2 A EDT TR ) o
Rl OSSR R Z TR IS S K 2R Bl a5 R

i it ZHE % | TS it 2% 1%
1 20210103 2.5 19 20211105 1.9
2 20210108 2.5 20 20211212 2.6
3 20210202 2.3 21 20211223 29
4 20210226 2.6 22 20220110 3.0
5 20210301 2.0 23 20220211 22
6 20210307 2.4 24 20220213 2.3
7 20210313 1.9 25 20220215 1.9
8 20210421 2.6 26 20220401 22
9 20210523 2.1 27 20220415 2.1
10 20210602 29 28 20220616 29
11 20210820 2.1 29 20220617 1.8
12 20210825 22 30 20220620 2.1
13 20210826 1.5 31 20221010 1.9
14 20210926 1.5 32 20221011 2.1
15 20211005 1.7 33 20221209 1.8
16 20211006 1.9 34 20221215 2.0
17 20211009 1.6 35 20230129 1.9
18 20211015 1.7

2 Jiik

2.1 JFaseil R

BURBENT TR, B FRaEtmr, eeie it
R, HERN 8em™, FHHVERIA 10000~4 000 cm™,
PRERE 64 K, IS TNS I, RELAINEE
B, MRS EEER 3 W, BOGE-FELs Rt T
SYHTAL B
2.2 R Z MM IR 2 HE ) A e
2.2.1 BRSBTS 2% ChEZGE) 2020 4
Fi— R R ks, B 20 kR 2 TR e
WAEPIRS), BL20g, FEEFRE, 7K 60 mL, ik
FIVE 4 h, S8, VREAUEARAINEMR, KuE4CRE 4k
ek 60 mL, IR 3 h, JEE, AHPIRIER, K
Wz, FRIEHK 5 mL 3, SH2INCEE 75 mL,
5], TEVKAERCE 12 h, B, FEk DR, Ui
YA BOK R % 50 mL HHH, B35, K EZ)
B, $BA), BGER, B, BEBIRER 3 mL &
T 25 mL &, MUKEZR, #5.
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2.2.2 XISl BB H RS R ARIUOICK 4 X
HEEL (105 CTEZEEE ) 11.24mg, B 100 mL &
R, IAKGESS, S AR 0.112 4 mg/mL
AR £ R
2.2.3 FrAE AR KSR AL IO R R A T 0.2,
04. 0.6, 08, 1.0, 12mL, 4% & T 10 mL H %
WA, B HKE 2.0 mL, SM0DRS 200 A B R 8
W 6 mL, SERIRES], FCE 15 min J5 37 RUE VKIS
15 min, B, DUAHBASEH =S H, 7E 625 nm
AETEWRDCRE , LAMCRE A bR (X)), WG
AEtRZshilbniE 2 (V)
224 k%R 5% (R EZ) 2020 4FRR Y
AR (9101) , Rl T LIRTE . KRR
HAIPE . R RS A
225 Ffanillse R R 2.0 mL, BT
10 mL B2 b, 1= IR R bR i th il #4507 i,
HHEOR S AR S AR 6 mL” &, [FliA#R
P, MEBOERE, febrE &L A S5,
2.3 5E B PR AR ) 37 5 B6AIE

FET Matlab F 55, 8w /D Tk (partial
least squares, PLS) HEN7 R 2153 BERERE i vh 224
A LT MG S B B O 2 A I AR AN I 4
AR TR PELS SR T e R BT AR ) MR R, S
TEREH Y Kenston FEASE G 2615 1F A 5 FI 0 UE A
fie T HERE A LUk 2:1 Rl o3 B IE SR R IR AR .
IR RGNS EE, Prl kBl it
BR5 VA BRI 520, AR R T AR I IE S AR
e 3 (atandard normal variate, SNV ), 22 G #5f &
1E ¥ (multiplicative scatter correction, MSC ). Y i
M (wavelet denoising, WDS ), S-G -0 1 B
# (savitzky—golay smoothing combined with first—order
derivative, SGI1D ), S—G ~F35 1 2 Bir %4 ( savitzky—
golay smoothing combined with second-order derivative,
SG2D ), SG -1 +2 Bir 525 + 38 [ 1 N 5 AL
1% (SG2D+competitive adaptive reweighted sampling,
CARS) Z5J7 R 45 R0

WGP /%

Bk /n
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3R 51HR
3.1 R MIREZ PN & Elle g R
3.1.1 ZHEE L REESEER  BUK 2.0 mL, A%
INAGRRR BERYA W 6 mL, %%, ~TREIHRS), e
15 min J& 37 BUE VKIS 15 min, BUH , LUK AESH
£ 500~700 nm JEFE I, SR ULIE 1A, R Z
PR e s, B 22,17 TN EHKSIA R
Hilee A “2.2.57 TR FESINEEAE, 7E 400~800 nm
T NAE RN, S5 R ULE 1B, B “2.2.27 T
TXTRESAE AU, W ER T IEAE, 7E 500~700 nm
O NFES AN, SR ILE 1C, BIEM: %58
IR R 2 J0 W e 2R FH DA ECHR — R L (k)
TE WS TR AT,
3.2 LM RE AL DIOCE M AAR, ik
JRE AR, bR AEI . RMETTRE R Y=6.214X-
00157, r=0.999 6, FKHIHZEMHTE 0.0224 8~ 0.134 9 mg
TEFRINZR TR BAT
3A3KEEE LR Ll 223K MERREL
55 =Xt B IR MO E X S, SEATINE 6 IR
BE, FIWOEREE 0417, RSDE N 0.73%, FWIA
DR AT BT EK
3.1.4 NG R B R R R AL E, A
i ) H A7 AT B RS [R] B 58 A0 ml DL A e e i T
W REZAAFHIE (A5 20201205 ) & E 45
Z I KGR, A5 ILFE 2, RSD (M 0.84%, 45
R Th G % B R AT

2 rhEpRE R A
N FREE g FEHUOGE Sw /% FEEE /% RSD/%

1 2.0013 0.795 1.36 14 0.84
2.0106 0.799 1.36
2.008 8 0.782 1.33
2.0237 0.789 1.33
2.0125 0.795 1.35
2.005 4 0.789 1.34
2 2.0106 0.792 1.35
2.0237 0.799 1.35
2.0225 0.802 1.35
2.004 6 0.800 1.36
2.0111 0.798 1.36
2.008 4 0.800 1.36
B C
s
=

WA /nm WAK/nm

Bl 2R T EEERa R A Saffs; B CoxHRm
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3.5 EEMERER BAZHTHRERAR (4t

5:20201205) 6 iy, H¢ “2.2.17 iR Jy ik AR,

S5 GRE . B EIRCTATINE 2 I, DA

R AR e T s e, REE 3, &

25 RSD 50 0.82 %, FHIREM A EZ MR I
3 EEMERE

FP RbERE g OB &R/ PEEE/% RSDI%
1 20132 0.796 1.35 1.4 0.82
2 20128  0.799 1.36
3 20056  0.789 1.34
4 20118  0.792 1.35
5 20215  0.802 1.36
6 20091  0.797 1.36

3.1.6 ARG 45 B 2 BRI S A . B
200 iR Z TR I N YR A5, W50 ¢ B
ReWith gy, FHICK OEERNG 2 h, B 40 g E4HE
IR, KEEFE, 7K 100 mL, EKIAHEE 2 h,
EPGEE, s UK, FUOINZK 100 mL $2H
Lh, d3E, SIFUEW, FH 0.19% 35 P 2% B (0 Ak 2
JaBKIGZET, BHEY 10 mL KM, SINA 10 4%
R TOK I, T 4 CEEIIR, Ut
WE, BOWEDE, DIOKEM#, H Sevag kbR
B, FIERIN RS R ) 80%, #rE g,
BOTiE FHJCK 85 AR . £ BEAFIRIR 2R DE%
T fEE, S2REH N, BERE 1171 mgi%
KA, B S0 mL B, LUKERZRZIE, H
1045, B “22.57 IR B As 20 e o
71.9%.

JnRE Bl R, BR 21 ok e g (LS
20201205 ) ftilih o oy, B2 1.0 g, KEEFRE,
2 “2.2.17 [AREHIEIERI, BRI 43RS %A
e FE A 14.033 mg/mL Y AE il 22 08 X5 B8 5L W 0.8
1.0, 1.2 mL, RZEME ., I3 mleR A
94.0%, RSD {H} 1.08%, 455013 4.

F4  REHTHBIEIFE RICR IR 45 R
TRFER Al AR P Wik BIGE R RSD
Ig mg  mg  RE mg % R 1%
1.0125 13.67 11.226 0.711 2434  95.05 94.0 1.08
1.0059 13.58 11.226 0.708 24.24  94.96

1.0086 13.62 11.226 0.710 2431 95.23

1.0121 13.66 14.033 0.785 26.82 93.78

1.0228 13.81 14.033 0.784 26.79  92.50

1.0316 1393 14.033 0.788  26.92  92.57

1.0084 13.61 16.840 0.865 29.50 94.36

1.0140 13.69 16.840 0.866 29.53  94.06
1.0151 1370 16.840 0.864 29.46  93.59

3.7 FEERIE SR SRHTEER - BRRIE X 35 LA
A S A 625 nm FHEATIE . AR 2

¥

[ =HEE B R I

K=l
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AR 1, SR RIREA Z S 50105 FlR
J7(1.5%~3.0% ), AAGERYE, I T 2r o
7 TR
3.2 R Atk b

RET 35 MFEAR RIS, SR WK 2, 7F
10 000~4 000 em™ FEX N, R 2T R EHERE T
LLHMETEREN, IhESE A —3, IARREAR
GIE A 225, BEEN R 2 TR e 20 &
It AT B B R

e
=
=
Wk /em!
B2 R ZHIR R IR S I R G
3.3 R IELEAE L (1 ik

S0 TP e B H F Y Kenston FEASGE R 43 51,
IR LR 2 ¢ 1 RGP R IE NI UE AR O ARE S o
5 R T R 25 e 20 i BE A
Horp 24 3RS A IESE, 11 (pRE R N IESE . Fr
TR AR AL iR o 1 T IR i 5 0 B ) B KA
Sf/ME,  [RIFEIEAE & S A S AR E AR
HYEEZ N, BRI DA PR R AR ST B S A g

UEEE BAE i o
#5  RIESEAIGIESE R 281k I SR i
ZhE R JuH %
FEAEE e KAE fe/ME FEIE
JEyEa 3.0 15 2.16
FEIE4E 3.0 1.5 2.19
OEgE 2.6 1.7 2.08

3.4 JEIE AR AR B 1 1 % 5%
UL LLAME G OGS B 5 R L 4G 2 R

H B AN Z T, s o B iy s P
AT EEME . O T B 4 M AR OGS 55 18 U Al 20 4R
P QUL RN D= U EP 0 BN G R \b o7 il )
TRALIR A3, W/ M i B A R 52, DT AR TIE T
LB R MERG . VT EE, ARMPSETRBERE T SNV
HIMSC %5 2 PR IE D7 . [AIBF R AT WDS. SGID .
SG2D, SG2D+CARS Z5 i WAk B 77 ik LAs Ak i
FRAE, 0 FH R AR 1 A0 0 fb A8 30 46 7 VA T BR AR 5
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FEAEIEAL S W SRR R T R S A
PEMAE S0, RS SRR, X L es
FIER AL BT %, S455R IR 6.

F6  AFETAEE IR AL R

£ ( calibration set ) BGE4E (validation set )

itk 77

LVs 1,  RMSECV RMSEC  r,  RMSEP RPD
RAW 1 02045 04599 04410 06391 02330 1.08
MSC 4 05043 04572 03890 0.1050 02848 0.89
SNV 4 05012 04582 0.3898 0.0987 02868 0.88
WDS 1 02055 04598 04409 06405 02329 1.08
SG 1 02045 04599 04410 06391 02330 1.09
SGID 10 09999 04274 0.0040 0.1398 02907 0.87
SG2D 5 09997 04431 00112 03975 02488 1.01

SG2D+CARS 7 09998 0.1260 0.0094 09605 0.0741 3.40

3.5 B VT 5 AhEHIE

PERE A GG HUAb 7 : (SG2D+CARS ) 57
T TN S 22 R TN AR, ] 3, g R
ARG TE SR M 56 2280, T 0.999 8 FIZE B IFHY Jr 22
RMSECV 4 0.126 0, r,, 8K, RMSECV /), K
TR ) MERE AR AT . T TR A R, K
0.960 5 FIFEA AR A2 (RMSEP) A 0.074 10 %
ARXTF w2 (RPD ) Ay 3.40, 2B fr g f A
RORAT, BUNSS RAE AR, AT T SL bRk AR
FRIRGIN

3.2
3.0 ® Calbration
Calibration
2.8 - ®  Prediction
——— Prediction
261
<
L5 2.4 -
= 2.2 1 u
2.0 1 " RMSEC=0.0094
Z RMSEP=0.0741
1.8 - = r.,=0.9998
7 r,,.=0.9605
1.6 - p i RPD=3.40

1.4 1.6 1:8 2:0 2:2 2:4 2:6 2:8 3'.0 3.2
AR/ %
B3 R IIE B
3 5o A TS TR S0 5 R AT 41
KrdiE, S3HT T NIR BUONMLR B i h 2
BT (E 15 S+ A1 23T, 4R R AT 2051
I £ Sy TR X 52 9T fe o
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