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Study on near infrared spectrum grade evaluation and content prediction model
of vinegar-processed Cyperi Rhizoma based on pattern recognition and GA-BPNN
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Abstract: Objective A quality evaluation model was established based on near infrared spectroscopy (NIRS), which could quickly
and accurately identify the grade of Cyperi Rhizoma processed with vinegar and predict the content of a-cyperone and cyperenone in
its volatile oil, so as to provide reference for the quality evaluation of other Chinese medicinal materials or Chinese herbal pieces.
Methods The near infrared spectrum information of vinegar-processed Cyperi Rhizoma was collected, and the GC-MS fingerprint
of 39 batches of Cyperus officinalis volatile oil was established. The a-cyperone and cyperenone in the volatile oil were quantified.
The data were processed by similarity analysis, multivariate statistical analysis, PCA, HCA, PLS-DA, logistic regression analysis and

other methods, and the grades were classified. Genetic neural network algorithm (GA-BPNN) was used to fit the grade classification
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results, the content of a-cyperone and cyperenone with the near infrared spectral information, respectively, to establish the grade
prediction model and the content prediction model. Results According to the principal component cluster analysis,
vinegar-processed Cyperi Rhizoma can be divided into three grades, and the results of PLS-DA analysis were consistent with those of
principal component cluster analysis. Multivariate logistic regression analysis was used to establish the empirical formula for the
classification of decoction pieces. The results of grade prediction were consistent with those of principal component cluster analysis.
The prediction accuracy of GA-BPNN model was 89.74%, and the model accuracy was good; The determination coefficients of
a-cyperone and cyperenone regression model were 0.992 3 and 0.969 7, respectively, which could well predict the content of
a-cyperone and cyperenone in volatile oil of vinegar-processed Cyperi Rhizoma. Conclusion The grade evaluation model of
vinegar-processed Cyperi Rhizoma based on near infrared technology established by GA-BPNN can quickly and accurately predict
the grade of vinegar-processed Cyperi Rhizoma, which provides a reference for the establishment of quality standards of
vinegar-processed Cyperi Rhizoma and other Chinese medicinal materials and the research of grade evaluation model.

Key words: vinegar-processed Cyperi Rhizoma; volatile oil; grade evaluation; GC-MS; NIR; pattern recognition; genetic neural

network algorithm; a-cyperone; cyperenone; quality evaluation; similarity analysis; multivariate statistical analysis; principal

component analysis; hierarchical cluster analysis; partial least squares-discriminant analysis; Logistic regression analysis
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Table 1 Specific information of collected Cyperi Rhizoma
processed by vinegar
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FHES TR = (SIMD € f&, 3+ m/z: 91.1.133.1,
147.1. 175.1. 218.2; 91.0. 147.1. 161.1. 175.1,
218.2 43 N EHHAER o7 B R AOAS I 25 7
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2.2.1 VREXTHR GG SR HI S R SRR
B\ o7 BB XS E 5 1004 150 mg 205 E T 1.5 mL
KRR, 0 500 pL P VA ARASNT R SRR
JREHRE 3 515 200+ 300 mg/mL. P43 5l B HE
BER 100, 50 pL VB AT 10 mL &5, I ELE 2,
TBAT, BVTHRA XTSI, &M o7 B AR
JREWEE 58 2+ 1.5 mg/mL.
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Fig. 1 Total ion chromatogram of vinegar-processed Cyperi Rhizoma volatile oil (peak number corresponds to Table 2)

+T2 BEEMHELH GC-MS 74

Table 2 GC-MS analysis of volatile oil from vinegar-processed Cyperi Rhizoma

5 p/min waEY) AT mkz
1 7.671 7a-methyl-3-(2-methylpropyl)-1,2,4,5,6,7-hexahydroindene CisH2a 19234
2 8.598 (3aS,4R,7R)-1,4,9,9-tetramethyl-5,6,7,8-tetrahydro-4 H-3a,7-methanoazulene CisH22  202.33
3 8.902 1,1,7,7a-tetramethyl-1a,2,6,7,7a,7b-hexahydro-1H-cyclopropa[a]naphthalene CisH2  202.34
4 9.610 cyperene CisH2a 20435
5 10.608 (3aR,4R,7R,8aS)-4,9,9-trimethyl-1-methylene-4,5,6,7,8,8a-hexahydro-1H-3a,7-methanoazulene CisHz  202.33
6 11480 1,4,6-trimethyl-1,2,3,3a,4,7,8,8a-octahydro-4,7-ethanoazulene CisH24  204.35
7 12.507 p-selinene CisH2a 20435
8 14.073 naphthalene,1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-,(1S-cis)-cadinene (8-) CisH2a 20435
9 14365 isospathulenol CisH24O  220.35
10 17.282 (2Z4Z,6E)-2,4,6-undecatriene CiiHisg 105.26
11 18.788 cis-a-copaene-8-ol CisH2240 220.35
12 19.717 isolongifolen-5-one CisH220 218.33
13 21.364 2,3,3-trimethyl-2-(3-methyl-1,3-butadienyl)-,(E)-cyclohexanone Ci14H220 206.33
14 24387 longiverbenone CisH»O 218.33
15 25.448 1-(1-ethyl-2,3-dimethyl-cyclopent-2-enyl)-ethanone CiuHis0 166.26
16 25729 (3aR,A4R,7R)-1,4,9,9-tetramethyl-3,4,5,6,7,8-hexahydro-2H-3a,7-methanoazulen-2-one CisH220 218.33
17 26251 1-formyl-2,2,6-trimethyl-3-(3-methyl-but-2-enyl)-6-cyclohexene CisH240  220.35
18 27.607 4-(1,3,3-trimethyl-bicyclo[4.1.0]hept-2-yl)-but-3-en-2-one CisH220 206.32
19  31.064 8-oxo-9H-cycloisolongifolene CisH»O 218.33
20 31912 7-isopropenyl-1,4a-dimethyl-4,4a,5,6,7,8-hexahydro-3 H-naphthalen-2-one CisH220 218.33
21  37.683 2-(4a,8-dimethyl-2,3.,4,4a,5,6-hexahydro-naphthalen-2-yl)-prop-2-en-1-ol CisH»20 218.33
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Fig.2 Contrast fingerprint of volatile oil from 39 batches of

vinegar-processed Cyperi Rhizoma
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2.3.5 FRSURIEMHIE BT BL 39 LS I AR A
I BAE Joont R S R BEAT AR 20 b, 45
R 39 HEES AT BB TE 0.694~0.990, B T S12 £
an AR 0.694 4t HARICIKARLIEZSAE 0.8
A, F AN [R5 B 24 4 A A 27 21 3 2R 4L,
FE bR AR MR . S12 A S ARALE LI AT REFN
FAEH) T2, Wi (8] SR iom T i AR A
Ko AR F i S0 1 AHADURE 73 B 3k LU )
YO BLE, BB SRR A Tk
S Ui s B o

24 GC-MS E24R

241 ZMERRIAGMIR, E2RMELE URE
X HE A A 45V 10004 400, 300+ 100, 40. 2 pL 43¢
HET 2 mL 8, WEOERIFRY, HR RS
VR X I ST 15217 TR (i 243 FE 1 ple
FT Agilent MS € B H R - TARuG, DIER &
WEENBALRR (X0, WIRAE PSR (Y), BT



FED 2021478 $52% B138  Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13 - 3823 -
8 LE M S39
u_j-:: o I ‘T;J -
JH:-u T v
EE
— YO W
I ‘lJ L U4 "
W g5
v, v = ‘l‘i
1881 A N
}T taan—]
.lHAx =
1 w i d (2 wr
1 U I B A Imev 4
hll: A . t]\ A _W
smrem <1 A i T g "-]l1
==t
]
(S W v S1
T T —T T —— T
0 10 20 30 40 50

t/min

B3 39 #EEEMIEE L mis s EEEmE

Fig. 3 Fingerprint overlay of volatile oil from 39 batches of vinegar-processed Cyperi Rhizoma
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“2.2.27 WUR J7iEM % A SV, PR “2.1.27 T
NOVERERE 3 R, oy T A AR o B R )
e, ARNE 3.
2.5 BEEMIFEM NIRS RE

BB B R (50~65 H) 241 1.0 g, REFEEE

yk 3
B4



* 3824 -

FED 2021478 $52% B138  Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13

N 0.4 cm, FENGTEM, B, #HULUF&MH#TH
i, RENER. WA XN BRIZ A, 703
KE 16 em™, % 32 &, HAHMUEHELT

12 000~4000 cm!, & 25~30 C, FHNHEE
25%~35%. FAFEMEERM 3 K, HETFEG
Tk, 39 HERE A BT 2L AT 250 1 S i P v UL 4.

®3 EEEMEERRGHE

Table 3 Raw data of vinegar-processed Cyperus Rhizoma

PERGIVEIE) N T oW | RIS B SR o B

(mLkg’)  MBUE  (mgmL?) (mgmL) (mLkg’)  ABUE  (mgmL?) (mgmL)
S1 9.5 0.975 520.959 172.384 S21 11.0 0.995 241.303 53.948
S2 12.5 0.995 166.364 36.283 S22 12.0 0.995 260.524 50.470
S3 9.5 0.893 225.399 125.832 S23 11.0 0.982 210.693 29.619
S4 13.0 0.932 357.090 20.939 S24 10.5 0.803 160.205 125.484
S5 10.0 0.984 244.943 31.752 S25 10.5 0.990 690.765 85.942
S6 11.0 0.964 285.050 35.891 S26 16.0 0.971 337.163 20.595
S7 12.0 0.962 424.822 21.379 S27 14.0 0.938 210.008 18.503
S8 9.0 0.990 304.442 63.939 S28 9.5 0.985 222.583 134.618
S9 10.0 0.996 337.372 69.288 S29 11.0 0.880 204.974 119.224
S10 9.5 0.988 174.067 52.032 S30 16.0 0.970 283.768 20.743
S11 9.0 0.967 199.871 16.782 S31 10.0 0.980 454.496 46.469
S12 0.90 0.694 125.921 127.320 S32 10.0 0.995 262.370 56.684
S13 11.5 0.994 284.538 55.126 S33 10.0 0.969 333.942 23.362
S14 10.0 0.990 331.749 54.203 S34 14.0 0.974 256.956 59.840
S15 12.0 0.988 281.101 39.820 S35 10.0 0.995 484.580 73.360
S16 10.5 0.983 370.437 64.309 S36 8.0 0.999 312.593 68.070
S17 10.5 0.982 244.046 47.632 S37 11.5 0.998 259.840 65.729
S18 12.0 0.987 292.728 43.892 S38 11.0 0.935 192.607 56.228
S19 8.0 0.986 304.997 73.593 S39 8.0 0.928 233.775 106.768
S20 9.0 0.992 357.680 92.669

v/em™!

El4 39 EEEMIFFmRILLLINFIIIER I E

Fig. 4 Near infrared average spectrum overlay of 39

batches of vinegar-processed Cyperus Rhizoma samples

2.6 BEEMIRAZFRNSE

2.6.1 FHRMEAT (R EZH) 2020 FERREE BE
7 HE K& mATET 0.008 mL/g, #HUBHAERN
FEERIFM AR R FHERMSEHE . g BT A
U FMEE &&=, o B B &= & 8 MEAIE
Aoy (EmARE—ED, KA SPSS 25.0 4+

BEATAHSRAE 1, S5 R WA 4, SR KINSIRIRZ
[AHOCHE R 3E,  mT DUVE s & B B E A 4R A
2.6.2 E5 5 (principal component analysis,
PCA) WM 12 Mg Z briEfb b5 3
A SIMCA 14.1 43847 PCA, 15315 £ 5.5 ) VIP
AT Z TR WK 5, PCA #AfH 7 EILE 5.
5 AT 3 N F R ES R T 1 B ERTT
ZEOTHRE N 74.80%, R EIHT 3 A F o5 AR {E &
MR m . HIE S ATAES | E8 E Cl~
C6. o- AP & &I 7 MabrEirio, £ 2
By b C7. C8. AHMLRE. FHMEENS &EiX 4 ME
PREATETK o

2,63 RO FREGT 3 NFEES, KA Ward
EHATERE . W 6 fx, B Hhras R4
N3, WIgw5 oS3, S12. S24. S29. S38. S39
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x4 BREMEBITEXEDH

Table 4 Correlation analysis of each index of vinegar-processed Cyperus Rhizoma

Ei={an C1 2 3 C4 C5 C6 €7 €8 MERIMENE FHEMEE o FHESE BoEREME
Cl 1.000
2 0.860" 1.000
3 0.826" 0.762" 1.000
C4 0.823" 0.800 0.936™ 1.000
s 0.478" 0466 0.562° 0.583" 1.000
C6 0.540" 0308  0.514™ 0.561" 0.551" 1.000
7 -0.319° -0.357" =0.390" —0.443" —0.650" —0.279  1.000
s 0.094 —0.104 0.333° 0185 0.005 0419" 0212 1.000
RS & 04207 0276 0443 0387 0430™ 0241 -0.377° 0.088 1.000
EFIGWESE 0198 0153 0208 0372° -0.004 0236 0.114 0202 -0.029 1.000
o-BMEEE 04417 -0309 -0.572" -0.562" —0.586™ -0.666" 0.368" -0.363"  -0.496" 0.054 1.000
TRLUEREMLUE  0.389°  0406°  0.560™ 0530 0.277 05027 -0.005 0.642"  0.082 0.389° ~0.432" 1.000

C1~C8 73R 39 HLMHE MTESUEIE 1) 8 MICH KA, 7£7P<0.01 05, OGN #£7P<0.05 2, ML
C1—CS8 represent the relative peak areas of the eight common peaks of the fingerprint of the first 39 batches of Cyperus rotundus; **indicated significant

correlation at 0.01 level, and “indicated significant correlation at 0.05 level

=5 PCAYMEERSERME . “ i fﬁmfﬁ .
Table 5 Characteristic value and variance contribution 12 L S T =
rate of PCA S24 1%
S3
B>y VIP{E 7 Z TR R/ Y% B TTERE /% $39
S29
1 5.640 47.00 47.00 338
S27
2 1.950 16.30 63.30 o34
3 1.380 11.50 74.80 2‘6‘ 2%
4 0.796 6.64 81.44 S11
S23
5 0.710 591 87.35 $26
S30
6 0501 4.17 91.52 s10
7 0.325 2.71 94.23 2};
8 0.280 2.33 96.56 S18
S7
9 0.238 1.99 98.55 )
S5
10 0.098 0.83 99.38 1
11 0.054 0.46 99.84 837 )
S22 3%
12 0.020 0.16 100.00 S8
Si4
S1
05’ eC8 S16
’ (7 o AL S19
° S20
03 7 IR A S5
e C6 S9
= 0.1 c3
e | s 55
_ 2 B S B clec4
0.1 o7 R & & I e o8
03 Tiﬁﬂkﬁl% ° eC5 _ S31
=04 -0.2 0 0.2 0.4 S32
pl1] S33
S36
&5 PCA #HEE Ee6 ZBESKFE

Fig.5 Loading plot of PCA Fig. 6 Clustering plot
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Fig.7 PLS-DA scores plot

MRS N —28: 958 S4. S6. S11. S23.
S26. S27. S30. S34 MIFEMEEN—Z; HARFEM
Bh—%k.
2.6.4 s/ N34T (partial least squares-
discriminant analysis, PLS-DA) N 7 i#t—251E
RBLE R FENE, RTA BRI PLS-DA #
ATYRAUE, WK 7 fi7R, PLS-DA 72845 AR5
Prai R —3. BB R, WL, LA™
BRSO IR — 2, T oAt 7 ML AR ot AE AN [ 2531
AR L, BEIIWIL . LLZRIX 2 77 Hb A B
BRI ARAE , AR ML I 2 B ot o B 2
BOR, HIFF KRR SRR, XS %
MR IR AE AR SCRO T, M
il T2 N AR RE K.
2.6.5 %7t Logistic [BIJAEER )37 £ 7T Logistic
[l VAR ) ST O AR AR T R AR (&
WEg) IR, RIERRER, W—%. =
S ZEEAFSFERACEREA S BT W NAE 1. 2.
3. KH Logistic 5L 12 NMEMR S NAE (5%
g Z IR RER AR, WL SPSS 25.0 HAFSEIL
Logistic B S HIRME, 153 BIBMRE AT .

Gi1=log[P —=/P =%]=398.401+1 460.494 X1+2 315.081
X>—153.601 X3+340.532 X4—89.364 X5+71.143 X6—90.647
X7+30.134 Xz+10.327 X9—0.028 X10+0.026 X11—418.232
X2

Gr=log[P -»/P =%]=435.427+951.312 X1+3250.020
X2 +43.771 X3—744.756 X1+ 634.879 Xs+374.456 Xs—+
43.748 X7+184.471 Xs+25.835 Xo—0.008 X10+0.071 Xui—
650.245 Xi2

G3=0 CHfHD

P —x=exp(G1)/[1t+exp(G1)]

P —x=exp(G2)/[1+exp(G2)]

P-s=1—P %
Xi~X 73 AR 1~8 SALF MR A 70 & & RS

B, BGESE. o FIGE S, ROURWAUE

W B Fa bR 2B AR Logistic BE7Y 5 f& b B w]
THEFESE T S SR, e P KT 09 BIJE
TAZER, SHOREE NEH AW R IE 6.
Logistic [B] =BG i (1) 7 P 45 R 5 HCA 73R R
— 3, VLB AL ] DA G b S B A B o &
B, Hop SR o- 7 PR & f iy, SR TH
BB OEREE G, WA R, PUHIRAE, Bt
s AR E A AR SE G i B AT B B 2
Bk =55 P AA B RS B RBR S IR
EAFIZURER, K2 EEABERA, WM
PEIR F et —&5 A A 2, DL RS R
JNEESLIY) Logistic 2540 TN 56 23 LTI 45 SR 7+F
GRUTESEY .

®6 BEEMIRAFRDELER

Table 6 Results of classification of vinegar-processed

Cyperi Rhizoma

B s MR SH HiS MR | SR WS MR
1S3 1.00 | 2 S34 1.00| 3 S18  1.00
1 S12 100 3 SI 1.00 | 3 S19  1.00
1 S24 100 3 S2 1.00 | 3 S20 1.00
1 S29 100 3 S5 1.00 | 3 S21  1.00
1 S38 100) 3 S7 1.00 | 3 S22 1.00
1 S39 100) 3 S8 1.00 | 3 S25  1.00
2 sS4 1.00| 3 S9 1.00 | 3 S28  1.00
2 S6 1.00 | 3 S10 1.00| 3 S31  1.00
2 SIl 100 3 S13 1.00| 3 S32 1.00
2 S23 100 3 S14 1.00| 3 S33  1.00
2 S26 100 3 S15 1.00| 3 S35 1.00
2 S27 100 3 S1l6 1.00| 3 S36 1.00
2 S30 100 3 S17 1.00| 3 S37 1.00

3 GA-BPNN {R&IFET
3.1 EMERE

BT “2.6.57 TITIMISE R, FATUT A AIRGE
SRV B, RREER M) NIRS 15 B s % 4
2o 2 AR R oy R AL A 8 TR,
GA-BPNN #2885t 3 24, BANZ,
Bk 2 RN H 2, 2 o0 2 18] 1) AR xRk X 45
iR, KITEEN—LE [0, 1] LLHBRENE
Wi, 8IS SPSS 25.0 ¥ A, KH PCA ¥2:5%f NIRS 15
ST E PR AR SR, $EEUAT 4 A F R
BRI ZE TR 99.904%, FHX 4 DN EHREN
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WNEEE . REMAHEBLEE (GA) RIHE &
FEREMWE, B wo; M by, BEERECN Sigmoid
Al purelin, YNZRERECH trainlm, 5 HAER Z,
BIAr R B . A RS S NI A A i SR A 40 2

HNZ (ST 2
Y, oy
Sigmoid+: 5,
wy purelin
Y,
sigmoid+ b;
wsy purelin -
Y 3 b/.
oy Sigmoifi-l-
purelin
Yy

8 BP #HEMEITIERE
Fig. 8 BP neural network workflow

RIVEXT 3 NGRS AT 73 281 %%, R Matlab
2019b Neural Network training tool L E AL L L
WA, Hod W1 il Bl AREHNE FEZE 2
8] FE R A B, W2 1 B2 AR 3 Bl 2 i U2 2
[ A A L, &5 SR W3R 7

Wk 8 fivn, RHUEHIE (accuracy). K%
(precision) HFFPE (specificity) F1 ZE& 1A
ROC {2k FTHA (AUC) iX 5 MEFRRIPAL B 2L
R, CRE IR 5 AME R REFE brfs 241 i S A FE R
METTINN 2+ 34 30 BJaRH 3 o REEAELE
B 1vs2. 1vs3y 2vs3 BEALN P AT Bl #E AT T, 4
K9 B, 4330 3 ZUTTINIE, AR D> BURM 2 2
R YUE it SR 1+2+1=4
A, BTN AER RN 89.74% . 45 K WA H
GA-BPNN VEARAGAS 21 (1) A B it 255 g ok
PP AL FoTI0 A PR A

7 BEEMIAA GA-BPNN FRFUMIRE SERREHEL TINERE
Table 7 Best hidden neuron weight value of GA-BPNN grade prediction model for vinegar-processed Cyperi Rhizoma

] Wi W2 Bl B2
1vs2 71125 15.262 8 0.050 4 -18.4193 7.7295 31.8106 —8.8748
-201.349 1 -87.8550 55.795 4 —42.547 4 1.6034 -30.1595 NaN
1vs3 16.064 6 2.968 6 9.967 1 6.9005 2.1326 9.4685 0.4974
13.924 5 20.117 8 12.394 9 14.8793 -1.6152 13.7536 NaN
15.8413 13.021 3 9.162 4 9.1765 —0.2687 3.1443 NaN
2vs3 12.347 6 9.129 6 6.616 8 14.0011 —7.5782 15.7013 -1.0139
22.4599 17.890 3 7.962 7 6.3223 1.5109 8.8855 NaN
7.5757 6.6169 75145 19.3906 8.0078 21.1341 NaN

NaN /2 not a number 455, TSR EE (875 S59E48ED, B9 H

NaN is the abbreviation of not a number, which means some special numerical values (infinite and non-numerical), same as Fig. 9

#*8 GA-BPNN Z/rZARAI M REIEHR
Table 8 Performance index of GA-BPNN binary

classification model

ML

s ¥
St EIaE S S

HERAE KGR Fp5etE F1 AUC

=]

=

1vs2 YIZREE 2 0.900 0.833 0.800 0.909 0.920
IOFE 2 1.000 1.000 1.000 1.000 1.000
JERZN 2 0.923 0.857 0.857 0.923 0.929

1vs3 YRR 3 0.920 1.000 1.000 0.750 0.710
IOFE 3 1.000 1.000 1.000 1.000 1.000
JERZN 3 0.935 1.000 1.000 0.800 0.753

2vs3 YIZREE 3 0.962 1.000 1.000 0.923 0.925
IOUFE 3 1.000 1.000 1.000 1.000 1.000
RN 3 0.970 1.000 1.000 0.933 0.935

ik
0 1 2 3

Shr 1| 40 2
2 1 6 1
3/l0 o0 25

9 = FERTNLERE

Fig. 9 Prediction results of three classification model

32 EEREY

GA-BPNN & & TRIAL R 1) TAR AR [ b,
NIRS ##midid PCA wJ LA S| FEL4ER H E T2
M, [FIBS KA GA A& HES R R & il 24 T
FIALEAE, W] PABER NIRS Ji UG Hds i S 2R %
el MEFEZERISZ, A A Matlab2019b Neural
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Network training tool T H A0 73 R A i 42 i Hh 1)
F AR o-7 &85 NIRS 15 8 P EUY 4
AN TR BTG, BEHLEEC T 3 MR NS
ESE, P AE N iIgREE.

H1 2% O T SR B A4 i 1) e B R 22 T8 2 41
o7 PR ) B FE R 22 70 5 4. B 10 WA,
FER AR Z T NI T o-FF I ER . 27

il 96 1F 5 R 5 R0 M 0.992 34 0.969 7, K HAAR
R FFINAE R R A

WK 10 11 fras, 2T GA-BPNN HEH AL
B BHE R I oA PR 7 B R 5 B 40 A T
MRS A ORI, T OB & A RO sy o-FF
I R b T 4D 5 e T2 it — 2 1 255 R .
NI

x99 EMHHEF «-FHIED GA-BPNN & EFUNRE K ERBHZTNEE
Table 9 Best hidden neuron weights of GA-BPNN content prediction model for cypermenone and a-cypermenone
fabr L1 w2 Bl B2
T B AR 2 1.983 8 —2.4172 —-2.7549 0.0180 -3 783.6759 50281  3770.0010
-12.772 4 -2.5378 1.8839 61.826 0 14.722 2 9.980 3 NaN
42830 10.483 9 —4.4779 —34.584 8 149627  -11.7679 NaN
-1.899 9 2303 4 2.6333 -0.0173  —12749.6329 -6.1811 NaN
o- 77 PR 5 14.928 3 29151 -4.359 1 1.8653 -9.724 1 10.903 7 22.133 0
-9.001 2 -0.7177 42918 -1.360 1 -21.5650 1.5395 NaN
9.554 5 1.182 6 —4.5212 1.800 9 -21.5789 -1.546 6 NaN
43.0023  -313.4229 1767979  —340.5029 -1.4255 144.860 1 NaN
12.413 2 4.993 0 -0.9252 0.988 5 10.084 8 8.1559 NaN

=10

PR T B UA R BEMNX BN RABLINRE . RERBIEXFZ G

Table 10 Influence of number of hidden neurons on maximum absolute error, determination coefficient and correlation

coefficient of training data and test data

S22 MWETT Rtrain Rliest MAE train MAEest Firain Fest
T P I 5 1 0.053 7 0.042 1 81.424 5 80.154 3 0.2342 0.013 5
2 0.4530 0.4412 59.665 3 46.017 9 0.674 7 —0.074 3
3 0.796 1 0.563 3 352629 333455 0.894 9 0.092 1
4 0.959 1 0.969 7 15.181 8 54336 0.979 4 0.9910
5 0.990 2 0.870 8 7.063 9 12.763 5 0.995 2 0.968 9
o- 77 B 5 1 0.216 0 -0.069 9 24.243 2 24.983 8 0.4679 0.204 5
2 0.3275 —0.114 8 22.804 0 20.203 0 0.5477 0.3329
3 0.628 7 03425 17.853 2 16.245 3 0.793 2 0.672 1
4 0.900 3 0.976 3 7.3420 3.0322 0.948 8 0.988 3
5 0.9822 0.992 3 3.609 7 2.063 2 0.991 1 0.999 2
6 0.990 4 0.9727 27830 32195 0.997 0 0.997 5

MAEuwins MAEests Rimainy Ritests Firains Trest 70 A AR INEREEMIGAEL AT IR LN IRE L RTE R B SC R 4L

MAEqain, MAE est, R%rain, Rests Firain and Fese represent the maximum absolute error, determination coefficient and correlation coefficient of the training data

and the testing data, respectively
4 g
AFREEE T GC-MS R4 AR NIRS
FR 2 Pl A BARSUEE, AT M R BURE S N TEY)
AR, RBL T B IO R S
TR AT AR . BT R GC-MS R&A

WAL . EAIEE SR, FIMES R, o-fF

PR S B RS S MERIEAT 2 u g o)
Br, "R 39 ESEM TN 3 2K, LT
Logistic <5 2% Tl [ B2 7 , 00025 AT & 20 WLk
BER. b RER R IR, R
(EA R AP AV B URAR (2 ST} Rtk il ai
DAERY, W] DUBRIE PP B A B OO PR, A B
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Fig. 10 GA-BPNN content prediction of a-cyperone
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Fig. 11 GA-BPNN content prediction of cyperenone
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