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Fig.1 Device diagram for in—situ real-time spectroscopy

on—line monitoring of tea saponin extraction process
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Table 1 Measured values of tea saponin, protein and polysaccharide mass concentrations in correction and prediction set

I8 4% %54 S.N BN A S.D

% 2% /mg-mL™! R IESE 66 31.16~66.60 47.06 8.79
TR 4 22 29.70~62.15 47.82 9.17

% 8 i /mg-mL™ AR IESE 66 5.98~16.64 9.95 221
TR 4 22 6.54~14.36 9.93 2.13

% $&/mg-mL! RIESE 66 9.99~19.57 15.37 2.59
TR 4 22 10.29~20.12 15.23 3.00

T SN RIRFE AL S.D FoR b il 22

1.2.5  Huodls o B A 8 8E ab RO 43 B 34 FE
Matlab 2009b H i#£17 . M http ://www.models.kvl.
dk/% 2% R % Si-PLS Matlab /GRS,

2 ERE5SM
21 ROEERRERRERE . EARRER
EMSERERENTL

WS PR A R R R | R R

JE AN 20 o R vk AR AR N 2 T, Bl A SR
[AIHE A, 2% Rl o e e B RO T i, (HE K 22
18, RIPER L, TTLUR B R BGE RE AR e R
SRR fe i, 220 S A AR RO A, AT DL ot g
BOT 2 REBOR IR i PR U 2l E R 2R e %, Al
R 28 P 3R A ORI 2 £ o B R A, T
LA A 42 17 ) 20 A R O i S R, xR B 3
FLY 5 )AL A AT S B T



328 bR CE A IR 2022 4F 45 11341
22 EEERFRIETLE oo

S i T LT ARG BOR S 30 5 R 3 4R U 7 T gl [ o
F J5L 0 S IR, L HRUBR M TF 45728 4 (SNV) | £ 3058 £ ol . M\ \_'( M’ﬂqﬁ'
BRI (SG) . —Brsk S (1" Der) fl =k 5 (2™ §~ sl l-u‘ ‘"H;W‘i‘lfM _fy\’f-ggg!j i
Der)4 FHULTF AT S (BT, 470 2§ ,,ﬁ;;v,w'f%eﬁ? LI
TUAR 3535 2 £ e/ — ik (PLS ) X Fie B R Sl TR ——

=

LRSS N SRR BRI E | B R
JE N 22 8 I e v B R AT AR, ARSI S e R A
(Re) 38 SURE B % 22 ¥4 J7 A % 22 (RMSECV) A1 11
Y 250 (R,) . TUIB% 22 1 5 AL i 22 (RM-
SEP) A RIPEAN FE b, 55 AR R DA s 1
AR AL B A AR LR 2 fh 2 2 T A
T AA 2 Y T E B 4S8 3R Jo vk 2 (] A S A
L1 Der FAL 38 75 3k N7 A RS IE ALY | T A 7R
MR E AR AH R, (¥ E K, 4351y 0.9819 i
0.9932, H RMSECV {f .RMSEP {f L3I, 43 51 4
1.67 F1 1.08, FEGHE A5 BRI AR 1 U I o ok B 2 )
FYBLRL 1% Der T A B 7 2 4 37 MO AR IE B AL T3
DAY ) Ui 2288 Re 1B R, TH 535 R 0.9718 Fil
0.9879, 1ii RMSECV {& .RMSEP {H 31K, 43 %1 4
0.518 10.323, L4 1Y 615 15 R 2 15 o 2 vk

[

Al .,:'i’ 1 1

{ At [ 10402 (Ll e
._..,%“‘ e, “M~4W B T

0

0 30 60 9 120 150 180
FEI i)

Extraction time/min

B2 RESEFFER ZARVSHERERETH
Fig.2 Off-line measured data of tea saponin, protein
and polysaccharide mass concentration during

the extraction process
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Table 2 Results of near—infrared spectroscopy by different pretreatment methods

ik oy MR H  ERHSBFH R RMSECV Ry RMSEP
% 2 % /mg-mL™! SNV 6 0.8779 4.240 0.9166 3.580
SG 6 0.8648 4.490 0.8881 4.070
1" Der 10 0.9819 1.670 0.9932 1.080
2™ Der 4 0.7751 5.590 0.7849 5.390
% 8 i /mg-mL™ SNV 5 0.8356 1.210 0.9417 0.709
SG 5 0.8256 1.260 0.8970 0.917
1" Der 10 0.9718 0.518 0.9879 0.323
2™ Der 4 0.7290 1.510 0.7546 1.370
% & /mg-mL™ SNV 6 0.8798 1.270 0.9183 1.110
SG 0.8698 1.320 0.8861 1.270
1" Der 10 0.9798 0.531 0.9947 0.309
2™ Der 10 0.8451 1.450 0.9038 1.160
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2.3.1 FRREEE W) Si-PLS #i 7

B BT R A6 1% DX R4 51 S 999.07~1 096.61
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F L EOEE R 16 AN IX ] IR H g 4
AFIXE [2,3,7,14] BFa] 15 8] e 0 Si-PLS 44
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ARG RI R 16 A XA FERE A Hod
4 A F X E[2,3,7, 14 o] 75 21 5 0 & iR
() d5e 1Y) Si—PLS BERY T X6 0 14 6 1% DX 11 43 J31) Ky
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1 612.58,2 229.86~2 324.62 nm, H i {03y
1 530~1 600 nm & NH — 2545 Wiy, xF &
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Table 3  Optimization results of Si—PLS model for tea saponin, protein and polysaccharide mass concentration

in the extraction process

B AF X Ja] 4% X ] PCs R¢ RMSECV Rp RMSEP
*2F 15 [1,3,5,10] 10 0.9838 1.580 0.9712 2.080
16 [2,3,7,14] 10 0.9858 1.480 0.9889 1.360
17 [3,7,8,10] 10 0.9852 1.510 0.9816 1.690
18 [3,7,8,15] 10 0.9862 1.460 0.9788 1.890
19 [1,3,7,14] 10 0.9865 1.450 0.9840 1.570
20 [2,9,12,17] 10 0.9871 1.410 0.9784 1.800
21 [2,10,13,18] 10 0.9864 1.460 0.9792 1.760
22 [2,9,10,20] 9 0.9867 1.440 0.9834 1.580
23 [2,4,10,20] 10 0.9871 1.420 0.9623 2.430
24 [2,4,9,10] 10 0.9863 1.460 0.9664 2.280
25 [2,4,8,10] 10 0.9891 1.310 0.9786 1.790
26 [4,10,12,17] 10 0.9844 1.550 0.9835 1.670
27 [4,10,12,16] 10 0.9847 1.540 0.9852 1.520
28 [4,11,13,17] 10 0.9854 1.510 0.9847 1.560
29 [3,11,17,20] 10 0.9803 1.750 0.9792 1.870
30 [3,5,13,25] 10 0.9802 1.750 0.9544 2.760
Fa 15 [1,3,7,10] 10 0.9752 0.488 0.9691 0.520
16 [2,3,7,14] 10 0.9766 0.472 0.9859 0.354
17 [2,3,8,15] 10 0.9755 0.482 0.9855 0.353
18 [2,3,7,11] 10 0.9765 0.474 0.9806 0.415
19 [2,3,7,14] 10 0.9762 0.477 0.9811 0.416
20 [2,9,12,17] 10 0.9762 0.478 0.9727 0.487
21 [2,10,13,18] 10 0.9764 0.476 0.9729 0.482
22 [2,3,4,9] 10 0.9768 0.471 0.9793 0.423
23 [2,3,4,8] 10 0.9760 0.479 0.9749 0.464
24 [4,9,10,14] 9 0.9739 0.498 0.9781 0.443
25 [2,4,8,10] 10 0.9776 0.463 0.9780 0.436
26 [3,4,11,22] 10 0.9752 0.486 0.9767 0.455
27 [3,16,21,23] 10 0.9759 0.480 0.9825 0.387
28 [3,17,22,24] 10 0.9759 0.480 0.9825 0.387
29 [3,4,21,24] 10 0.9712 0.524 0.9714 0.516
30 [3,5,13,25] 10 0.9711 0.524 0.9530 0.667




330 BOE B W 2R ) 2022 4E45 11 ]

(8% 3)
oy K 1 4 K i PCs Re RMSECY R, RMSEP
%% 15 5,6,7,11] 10 0.9841 0.471 0.9879 0.430

16 3,5,7,12] 10 0.9865 0.436 0.9894 0.417

17 3,7,8,14] 10 0.9840 0.473 0.9824 0.526

18 6,7,8,13] 10 0.9841 0.471 0.9919 0.359

19 (3,7,14,15] 10 0.9870 0.427 0.9815 0.522

20 [2,9,12,17] 10 0.9847 0.464 0.9842 0.480

21 [2,10,13,18] 10 0.9855 0.452 0.9837 0.493

2 5,9,11,15] 10 0.9856 0.451 0.9839 0.495

23 2,8,9,17] 10 0.9830 0.488 0.9802 0.559

24 [4,9,17,18] 10 0.9832 0.487 0.9819 0.525

25 [2,4,8,10] 10 0.9879 0.412 0.9858 0.455

26 [4,10,12,17] 10 0.9821 0.501 0.9832 0.507

27 [4,9,10,11] 10 0.9819 0.503 0.9825 0.517

28 [4,10,11,12] 10 0.9850 0.459 0.9828 0.515

29 [4,5,12,20] 10 0.9788 0.547 0.9673 0.709

30 3,13,16,23] 10 0.9807 0.521 0.9829 0.506
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Table 4 Screening results of optimal model for tea saponin, protein and polysaccharide mass concentration

EiRod A EN I o d R. RMSECV Ry RMSEP
%2 %/mg-mL" PLS 10 0.9819 1.670 0.9932 1.080
iPLS 7 0.8860 4.140 0.9077 3.720
Si-PLS 10 0.9858 1.480 0.9889 1.360
& @ ft/mg-mL™! PLS 10 0.9718 0.518 0.9879 0.323
iPLS 7 0.8918 0.998 0.9077 0.897
Si-PLS 10 0.9766 0.472 0.9859 0.354
% #:/mg-mL™! PLS 10 0.9798 0.531 0.9947 0.309
iPLS 7 0.8806 1.270 0.8967 1.220
Si-PLS 10 0.9841 0.471 0.9919 0.359
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In—situ and Real-time Monitoring Technology of Tea Saponin Extraction

Zhang Xueli', Ding Yanhua', Ma Haile'", Hong Chen', Zhang Tao?, Tang Yanping’
(!School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu
’Hunan New Jinhao Tea Oil Co. Ltd., Yongzhou 426100, Hunan)

Abstract In this study, near—infrared spectroscopy technology combined with chemometric methods was used to monitor
the changes of tea saponin mass concentration, protein mass concentration and polysaccharide mass concentration in the
process of tea saponin extraction in real time. The results showed that the first—order derivation (1*Der) was the optimal
preprocessing method with the highest RC, R, value and the least RMSECV, RMSEP in all pretreatments. The perfor-
mance of a model was evaluated by the correlation coefficient (Rp) and the rootmean square error (RMSEP) in the pre-
diction set. Compared with partial least squares (PLS) and interval partial least squares (iPLS) modeling, the model built
under the synergy interval partial least squares (Si—PLS) algorithm had the best robusiness. The tea saponin concentration
Rp=0.9889, RMSEP=1.36; protein concentration R»=0.9859, RMSEP=0.354; polysaccharide concentration R»=0.9919,
RMSEP=0.359. Conclusion: Near—infrared spectroscopy technology combined with Si-PLS model can better monitor the
extraction process of tea saponin in real time.

Keywords camellia seed cake; tea saponin; near infrared spectroscopy; in—situ monitoring; synergy interval partial least

squares



