T E AR R 22 2024,29(8):190-203
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

EHFE FRE LB P EE.ESE. ETNREEFEMREFVEABHEEPEEREMTAEZEARSHO SR ] FERLXFFIR,2024,29008)
190-203.

WANG Chunyuan, QI Jingwei, AN Xiaoping, LIU Na, WANG Yuan, WANG Buyu. Rapid prediction of reducing sugar and soluble protein content in fermented
bran based on NIR quantitative analysis model[ J]. Journal of China Agricultural University,2024,29(08) :190-203.

DOI: 10. 11841/j. issn. 1007-4333. 2024. 08. 16

ETNIREERBREMNAZBEHZEFEEEMAAEER

EAREZY FERAE zn¥E'" x| @' E EH' EFEY
(1. Wl Rl R SRl B8, WP RS 5 0100185
2. W AR X B R I R AR R 5T 0 /B R LA AR G O W AR BE S 3R AR ST PG, R R Ry
010018;
3. B AR R THEEHLS A5 B R A B, 0T A R 010018)

W E AEI—ARREETAMNAE LKL REEFRTERREOS TS OB, KR AR B LA H
AL K8 3,5-= A &R #Ek vk & % (3, 5-dinitrosalicylic acid, DNS) fe BCA & & iR B & ik 2 ) 0] & AF & 69 38 R
B Fo 7T 7tk R @ A% AR AL 4o K35 3 R (Near infrared spectrum instrument, NIR) 25 &1 5 )~ = & i (Partial
least squares regression, PLS) )b FRA 2 7 ik RAER KR Em o B T8k 2 2R, & 3 K0 & KL RS
THEMEOSZONIREEEMNE ZEA, ERAN . DA LR T REET ZTHEAGALE T FERA - FH
(First derivative, FD)+ — ¥~ § 4k (Second derivative, SD)+ 47 /f iE & & # (Standard normal variate, SNV) , 5t %
FEE A 908~1 670 nm , W F A TaF A B R RZMA, LR E RE RS A 0.904 8, K EH AR £ (Square error
corrected, SEC) 4 1. 576 1,48 2F 4 #7i% £ (Relative percentage difference, RPD) 4 3. 240 8; sh 3R B4k 4 T & #
Rp* % 0.954 9 H.i% JR 4% 7 Mok 4 69 B £ AR K 69 ) 24 5 NIR A& FR AL 69 P4E 4 0. 959 5>0. 05, 2) K 8 & #
TIEER G L TR G G E4E A — UF 3% (First derivative, FD) -+ = H¥-$ 3% (Second derivative, SD) -+ #%
/B & T # (Standard normal variate, SNV) , #3586 B % 908~1 670 nm , £ B F 3 4 10 88 A R gL, H 5k
4 Rc* % 0.938 2,4 iE ¥ 7 Ak i% £ (Square error corrected, SEC) % 2. 003, #8 %+ 5 #7 % £ (Relative percentage
difference, RPD) % 4. 021 9;5h 3R IiE £k T 2 H Rp* 4 0.994 4, B Tin e E O FHm o e AN TME
NIR St 3 FRml 48 69 P45 A 0. 901 9>>0.05, %2 b, 3 5 69 NIR K & 5 8L A AL 8 M Fo v a0 P 5045, BT o 55 B R
LA THRERMNALBELEFFROEREERTEARETOASE,

KW HLarshkEk; KFIHEFR; T oMER; FHRS; AWK

FESES  S03 XEHS 1007-4333(2024)08-0190-14 XEKFRERD A

Rapid prediction of reducing sugar and soluble protein content
in fermented bran based on NIR quantitative analysis model

WANG Chunyuan'?, QI Jingwei*", AN Xiaoping'?, LIU Na'?, WANG Yuan'?, WANG Buyu**

(1. College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Inner Mongolia Autonomous Region Forage Technology Research Center for Herbivoring Livestock/Dairy Cow Breeding
and Breeding Technology Research Center of National Dairy Technology Innovation Center, Hohhot 010018, China;
3. College of Computer and Information Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Wi B#: 2023-10-17

E£WA: AFHBBRAEEXRET(2021ZD0023-3.2021ZD0024-4) ; E R 2Ll 3 AR 6 37 fho0 81 FT 6 N2 I8 B AT B (2022-REA KK -2) s AR H B8 X RT3
B (2022YFS10029,2022Y FHH0072)

% —1E& . E&HEORCID:0009-0006-0602-4590) , Ffi + #F 53 4 , E-mail : 1300829961 @ qq. com

BIHAEE: FRMAHE(ORCID:0000-0003-1572-0468) , #$%F , T EMN BB HE AR EMARHE R G F 5 EH K . E-mail: Qijingwei@imau. edu. cn



A58

FAFEAE BT NIR JE G A8 R PR 1900 2 T Bk B2 v i JEORS AT 8 1 2 o0 /Y 5

Abstract This study aims to establish a quantitative analysis model that can quickly predict the content of
reducing sugars and soluble proteins in fermented wheat bran (FWB). FWB was taken as the study
material, and the reducing sugar and soluble protein contents of the samples were determined by the
colorimetric method of 3, 5-dinitrosalicylic acid (3, 5-dinitrosalicylic acid, DNS) and the BCA protein
concentration assay (Bicinchoninic Acid Assay, BCA) , respectively. Using Near infrared spectrum
instrument (NIR) combined with Partial least squares regression (PLS), the pre-processing method, the
optimal wavelength and the coefficient of determination R* of the principal component factors were
compared, and a quantitative model for the rapid detection of NIR in the content of reducing sugars and
soluble proteins in FWB were established. The results showed that: 1) The pretreatment method of
quantitative model of reduced sugar in fermented wheat bran used First derivative (FD)+ Second derivative
(SD) + Standard normal variate (SNV). When the spectral range was 908-1 670 nm and the number of
principal factors was 7, the model had the best performance. The determination coefficient Rc* was 0. 904 8,
and the square error corrected (SEC) was 1.576 1. The Relative percentage difference (RPD) was 3. 240 8.
The determination coefficient Rp® of the external validation set was 0.954 9, and the P value between the
measured values of the validation set samples of reducing sugar active ingredients and the predicted values
of NIR spectra was 0.959 5>0.05. 2) The pretreatment method for quantitative model of fermented wheat
bran soluble protein was First derivative (FD)+ Second derivative (SD) + Standard normal variate (SNV).
When the spectral range was 908-1 670 nm and the number of principal factors was 10, the model had the
best performance. The determination coefficient Re* was 0. 938 2, and the corrected square error corrected
(SEC) was 2.003. The Relative percentage difference (RPD) was 4.021 9. The coefficient of determination
(Rp* of the external validation set was 0.994 4, and the P value between the measured values of the
validation set samples and the predicted values of the NIR spectra of the soluble active components was
0.901 9>>0.05. To sum up, established NIR spectral quantitative model in the study has good stability and

accuracy, and can be used to rapidly predict the contents of reducing sugar and soluble protein in FWB

samples.

Keywords near infrared spectroscopy; stoichiometric method; quantitative analysis model; active

ingredient; fermented bran
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Fig. 1 Effect of fermentation time on reducing sugar(a) and soluble protein(b) content of bran
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Table 1 Determination of reducing sugar and protein in fermented bran samples

EiEgn i 5B Reducing sugar Al % 14 2 (4 Soluble protein
Parameter WA Modeling set B UEAE Prediction set  #E#i4E Modeling set  $ i 4 Prediction set

FEAZL Number of samples 239 64 179 45
e HAH/(mg/g) Max 40.61 39. 29 40. 45 27
/M /(mg/g) Min 18.63 12.82 11.18 13.68
SFHI{E/(mg/g) Average 31 25.67 23.03 20. 25
bRt 2 Standard deviation 5.12 6. 69 8.08 4.68
AR 5 R B Variation coefficient 16.51 26.05 35.08 23.11
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Fig. 2 NIR raw spectrogram of the fermented bran reducing sugar (a) and soluble protein (b) models
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Fig. 3 NIR pretreatment spectrogram of fermented bran reducing sugar (a) and soluble protein (b) models
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Table 2 Effects of spectral pretreatment methods on restore sugar model
Tl b 21 A B . )
Pretreatment Number of samples SEC ke RPD
None 239 4.7397 0.1390 1.077 7
FD 239 4.463 3 0.236 5 1.144 4
SD 239 4.4330 0.246 8 1.152 3
SNV 239 2.679 3 0.724 9 1.906 6
Detrend 239 4.507 3 0.2214 1.1333
FD-+SD 239 4.254 1 0.306 4 1.200 7
FD+SNV 239 2.7677 0.706 4 1.8456
FD—+Detrend 239 4.589 8 0.192 6 1.112 9
FD+SD+SNV 239 1.947 0 0.854 8 2.624 0
FD+SD+Detrend 239 4.262 4 0.303 7 1.198 4
FD+ SNV +Detrend 239 2.956 9 0.664 9 1.727 4
FD+SD+SNV—+Detrend 239 1.947 5 0.854 6 2.622 8
FD+SNV+SD 239 2.064 8 0.836 6 2.473 9
FD+Detrend+SD 239 4.254 1 0.306 4 1.200 7
SD+FD 239 4.506 3 0.2217 1.1335
SD-+SNV 239 2.6328 0.734 3 1.934 0
SD+ Detrend 239 4.442 8 0.2435 1.150 0
SD+FD+SNV 239 2.684 4 0.723 8 1.902 9
SD+FD+Detrend 239 4.507 2 0.2214 1.1333
SD+FD-+ SNV + Detrend 239 2.693 3 0.7220 1.896 5
SD+SNV-+FD 239 2.686 5 0.723 4 1.901 5
SD+Detrend+FD 239 4.506 2 0.2218 1.1336
SNV-+Detrend+FD 239 2.6255 0.7358 1.9455
SNV +Detrend+SD 239 2.436 9 0.772 4 2.096 0
SNV +Detrend 239 2.699 0 0.720 8 1.892 6
SNV+FD 239 2.6211 0.736 7 1.948 9
SNV+SD 239 2.436 9 0.772 4 2.096 0
Detrend+SD 239 4.4817 0.230 2 1.1397
Detrend+FD 239 4.433 0.246 8 1.152 3




196 OE R R R 2024 4F 55 29 %
F2 (8
i 4t 7 BEA B ] 2
Pretreatment Number of samples SEC ke RPD
Detrend+ SNV 239 2.8236 0.694 5 1.809 1
Detrend+SNV+FD 239 2.752 2 0.709 7 1.8559
Detrend+SNV+SD 239 4.119 1 0.738 6 1.9558
RI HEFABEFENATAEEEEERNFIN
Table 3 Effects of spectral pretreatment methods on soluble protein model
i A B B A 8 ,
Pretreatment Number of samples SEC Re RPD
None 179 5.745 6 0.491 3 1.402 1
FD 179 5.541 3 0.526 9 1.453 8
SD 179 5.348 8 0.559 2 1.506 1
SNV 179 5.745 6 0.491 3 1.402 1
Detrend 179 5.552 4 0.525 1.4509
FD+SD 179 5.756 8 0.489 4 1.3994
FD+SNV 179 5.084 7 0.601 6 1.584 4
FD+Detrend 179 5.485 3 0.536 4 1.468 7
FD+SD+SNV 179 3.289 9 0.833 2 2.448 7
FD-+SD+ Detrend 179 5.743 0.491 8 1.402 7
FD-+ SNV + Detrend 179 4.622 8 0.670 7 1.742 7
FD+SD+SNV—+Detrend 179 3.290 0 0.833 2 2.448 6
FD+SNV+SD 179 3.4935 0.812 2.306 1
FD+Detrend+SD 179 5.756 8 0.489 4 1.399 4
SD+FD 179 5.248 4 0.575 6 1.5349
SD+SNV 179 3.9559 0.758 9 2.036 5
SD+Detrend 179 5.320 8 0.563 8 1.514 1
SD+FD+SNV 179 3.603 5 0.799 9 2.2356
SD+FD+Detrend 179 5.248 1 0.5756 1.5351
SD+FD-+ SNV + Detrend 179 3.6107 0.799 1 2.2312
SD+SNV+FD 179 3.5619 0.804 5 2.2617
SD+Detrend+FD 179 5.248 7 0.575 5 1.534 9
SNV +Detrend+FD 179 4.632 2 0.669 4 1.739 1
SNV +Detrend+SD 179 3.496 6 0.811 6 2.304
SNV —+Detrend 179 5.096 4 0.599 8 1.580 7
SNV-+FD 179 4.601 0.6738 1.750 9
SNV+SD 179 3.496 6 0.8116 2.304
Detrend+SD 179 5.530 7 0.528 7 1.456 6
Detrend+FD 179 0.528 7 0.559 2 1.506 1
Detrend+ SNV 179 6.136 4 0.419 8 1.312 8
Detrend+SNV—+FD 179 5.166 9 0.588 7 1.559 2
Detrend+SNV+SD 179 4.119 1 0.738 6 1.9558
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2.4 RIEHEBHERE

AR g 03t 22 4 B 0 T AR AR AT A= L ok /D ) 5
it U 20 15 S, PR O SR P AR AT U K B I RE 08 1 L
VB RS R A X [A) A O e K A UM '
T X ] K43 A 6 A4 F X [A] (908. 1~1 676. 2 nm ,
908. 1~945. 27 nm, 945. 27~1 075. 35 nm . 1 075. 35~
1 341.7 nm, 1 341.7~1 577.09 nm. 1 577.09~
1 676. 2 nm) ; FEAR X [] 1) 7 398 2 6 T 95 Mk 2 1O
X Al %1 43 oA 54 FIX [H] (908. 1~1 676. 2 nm ,908. 1~

1 261.18 nm.,1 261.18~1 397.45 nm.1 397. 45~
1546.12 nm .1 546.12~1 676. 2 nm) , il i HL B A
] 3 B BT A N7 RS R B RS IE RE i TN A o R 22
(Standard error of calibration, SEC) | Ik & & %X
(Determination coefficient, Rc®) 1 A1 %F 43 By % 2
(Relative percent deviation, RPD) fiff & £ {; i Bt &
SRR R R A TR, I OME B T v AR R O i
Bt} 908.1~1 676. 2, H RPD>2. 5, 5 A H. £ 5 &
AIEEVE AR AE ] TR A3 HT

x4 EEEBREWNERBENTAEEARRERENRMN

Table 4 Influence of modeling bands on model performance of reducing sugars and soluble proteins

I JEOME I B . , Al A B . ,

Reducing sugar waveband SEC ke RPD Soluble protein waveband SEC ke RPD
908.1~1 676.2 1.95 0.85 2.62 908.1~1 676. 2 3.30 0.83 2.45
908. 1~945. 27 3.64 0.49 1.40 908.1~1 261.18 3.74 0.79 2.16

945.27~1 075.35 5.04 0.03 1.02 1 261.18~1 397.45 6.31 0.39 1.28
1075.35~1 341.7 2.98 0.66 1.72 1397.45~1 546.12 6.82 0.29 1.18
1341.7~1577.09 4.14 0.35 1.24 1 546.12~1 676. 20 7.88 0.05 1.03
1577.09~1 676. 2 2.39 0.78 2.14

2.5 TEEMELSEPHERSHHTHE

T AR I R v AR AR A T2 R T O AR AR 1Y) O
ZHZ—, ERFEGAL BB ELE AR P
REAAE s R F 80w BRI 5 i s Bl G
BRIt 33 19 3 PR 500 o o0 A A R Pk e & OC
B — BB T, UL SEP A48 AR, 24 56 UE 4 0 AR
Y 25 T ZNEE 6 07 A 8 AR o Bl A . R TR 2 A
TR R SEP N 4 Fr k. HiE 40T LI Y,
ALV R R AL 3 K Bk 10 B AR Y SEP (B [
Z A i, B 5 B A T RO AL (Y SEP {1 22
T A JEORE AR R S IR Rk 7 AR ) SEP {H
Rk 28 eI, Bt e B 2 PR B0 in B 8L 1Y) SEP (B %
A BT BRI A T RN AT s R R R B e R
K%k 78110,
2.6 TEMRERIME

DL 356 114 o 16 6 3 00 Ak B 5 2, e U B A
£ 32 B 500 0 S 80T 48 b, X #5518 547 e A
b, R 5 R PLS 1 #3743 B A 78 45 #5578 51
{55 700000 1 79 R S 1 DL PR S, A 0 (7 A A &4 SR

36T —s— [ A Soluble protein =0
& —e—if J5UHl Reducing sugar 198
@34 1.96 &
H J194 2
K32 177
= / —1.92 3@
'}_S 30k - I.‘)()%
= 1885
28 186 =
= Jisa B
el , 11.82

i i i M i
0 2 4 6 8 10 12 14 16
T AL
Number of principal component factors

LLEOATR i SRR & i, BT TR A .

The red broken line shows the reducing sugar content and the black

broken line shows the soluble protein.
4 AEEEFHMESEPETHE
Fig. 4 The number of different principal factors varies with
SEP value

TOSHIR . R BEER R (38 O AN AT 35 1 2R 1 e e
AU PR E RAELRC 535124 0. 904 8 F1 0. 938 2,
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I JEOWE AT A P AR R TR A S 5 E A T A
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Fig. 5 Correlation between measured and predicted values of NIR quantitative models for reducing sugar (a) and soluble protein

(b) fractions
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Table 5 Results of Ferry bran reducing sugar and soluble protein quantitative analysis model

R SEC/

Number of Rc* SEC SECV RPD
SECV

A KL % X 8]

8 #5 Parameter '
Number  Spectral interval

principal factors

i 239 908.1~1 676.2 7 0.904 8 1.576 1.826 0.863 3.241
Reducing sugar
LR 4|
179 908.1~1676.2 10 0.938 2 2.003 2.583 0.776 4.022

Soluble protein

ISR AR 6 R E Q0 I 6 7R o 2 Rl AU e 5 &R B TN AE S S E S B SR Y =x 1) S %
B R4y 0,954 5510.994 434 >0. 80, I iF £ k¢ T, T T BRI YE BE B AR

[ () [ (b)
30 F 30l
[} [}
Zast ¥ 22
% - . ;/“ % 3
2T L B
(=9 B o (=9 B
st : .‘/{’/ 0o st
E " e L1338 Z ¥=0.994 6x+0.109 6
10 ‘ : 10} R=0.994 4
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 15 20 25 30 10 15 20 25 30
%7l Reference value Z:7%{H Reference value

FOrp T (O R B, 0 B oA 2B
Where the red data points are the predicted values and the blue data points are the reference values.
6 EFEME(a)FFRMEEA (D) ASWNIREEFERWSEZESHMNERXE
Fig. 6 Reference and predicted values of NIR quantitative models for reducing sugar (a) and soluble protein (b) fractions were

correlated
B 55 HIE 5 (n=20) F£ & NIR St 3% iy A 2 & WNF TME /N, “EHENFLED 25 (P ol

B A5 NG, [R) I 5 B SPSS 4 312 448 % g S 0.959 5F10.901 9) . i B BT & ST 1Y A B Sk R 2
T AE 5 S IAE Y HAE S R 11 B T b, 4 AN 3 R R R RS R T A A M A e, EL R
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Table 7 External verification and evaluation of reducing sugar model
B G s fH EURUUKICE AR X i 22 T 11 i 22
Number Measured value Predictive value Relative error Standard deviation
1 39.288 8 37.770 4 —3.864 7 1.073 7
2 36.230 0 36.3616 0.363 3 0.093 1
3 28.882 4 28.389 0 —1.708 5 0.348 9
4 28.000 0 27.049 7 —3.3939 0.6719
5 27.583 4 27.246 2 —1.2223 0.238 4
6 26.878 3 26.878 3 0 0
7 26.232 1 26.524 8 1.1157 0.206 9
8 26.2321 25.164 3 —4.070 4 0.755
9 24.658 1 24.830 4 0.698 6 0.1218
10 24.658 1 26.047 7 5.635 3 0.982 6
11 26.232 1 25.969 8 —0.999 9 0.1855
12 26.232 1 26.878 3 2.463 6 0.457 0
13 26.232 1 26.1514 —0.307 6 0.057 0
14 26.232 1 27.037 6 3.070 8 0.569 6
15 34.924 6 34.872 3 —0.149 8 0.037 0
16 23.992 3 24.6250 2.637 2 0.447 4
17 30.3156 31.2331 3.026 5 0.648 8
18 15.96 2 16.399 2 2.739 0 0.309 1
19 25.969 8 26.021 3 0.198 3 0.036 4
20 37.770 4 38.778 6 2.669 4 0.712 9
F18 SO0 o 0 R4 11732, A HNIRS 5462250 B Jr L W, — € 12 1
3 W [ RE S R N A e AT SR AR . A T
PE— 2B AR AL B, AATTR I NIRS 5 £ 70 4 [l )
INFEBR B RN A IR R, B EAR) ¥ (MLR) L FE AR 1H 3 (PCR) i i f5e /)y — 3¢

i ZEpA RNy R ARG R g Lk

H B IS PR R o B 2 MR 3 32 55D R R A y-
AT RS, RA PR s B s pUE e ki
T B B A AR A R g I S T 1k T A B
B, LR 2 i R B is g o L, JF bl el
ETA/sEinE oR11E 79 A n b Ry WS i S S D
JIT SR £ 1A Bk B2 R it ok A A [ e e T B I ] 5
B, IF HAE dl 0I5 R B a0 B AR AR R B

[6] 9 %k (MPLS) Fl i Fe /s — 7 [9] 9 2% (PLSO M 45 &
il T (1 25 S HE Ol mpHE S AR SE B NIRS 5
it F5e /N 36 9 (PLSRO) 57 %K iz 34 I 1 mT 5 v 4R
FI 75 o A 30T 21 AMSE AR 5 2o o B R W) O B, R [R) 32
B4 PR, R A T) 19 4 B8 5 2 B 4 & %o A 80 3 £
Ak , % P43 F FD+ SD-+ SNV &k B A 75 it A5 1
g5 R A A, 8 2 38 S50 UE P A R T AR e
A5 300 o i B A2 v 1) 34 DM R AT R R P R Y T
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Table 8 External verification and evaluation of soluble protein model

B G I AE i fE AR 15 22 TV At 22
Number Measured value Predictive value Relative error Standard deviation
1 27.00 27.89 3.3322 0.636 2
2 25.00 25.02 0.119 2 0.0211
3 14.53 14.05 —3.3035 0.339 4
4 17.70 16.90 —4.5198 0.565 7
5 13.68 13.23 —3.3208 0.3213
6 14.68 15.01 2.248 0 0.2333
7 14.53 13.40 —7.750 6 0.796 5
8 17.70 18.71 5.724 4 0.716 6
9 19.50 20. 28 4.000 0 0.5515
10 25.59 25.02 —2.199 2 0.398 0
11 27.00 26. 38 —2.274 1 0.434 2
12 24.82 24.55 —1.0878 0.190 9
13 19.14 18.12 —5.3292 0.7212
14 17.70 17.16 —3.0508 0.3818
15 19.78 19.87 0.4550 0.063 6
16 14.53 14.05 —3.3035 0.339 4
17 14.68 15.02 2.316 1 0.240 4
18 13.68 13.23 —3.2895 0.318 2
19 19.78 19. 87 0.4550 0.063 6
20 21.24 20.78 —2.1657 0.3253

MELRY . LA S B R R A BB X 20 k&
AL 0 A I R AS B AR 2 (E AT IR 2 K 5, P=
0.959 5.P=0.901 9>>0. 05C& {5 X 8] Jy 95%) , i}
BH 2 Fh 7 v A9 B R 25 S B 22 L X S R
PRI AT 45 R — B I A AR R NIRS #
R e 2 RHL AR 1 TR AT B0 & BR, 7E 950~1 650 nm
4 B X O 3% 47 SNV AMSC+ Detrend+FD i
AP B R* AT RPD 439l v] LA #] 0. 88 i 3. 00,
Wi WY O i A AL B A L EAY . SRS K
SRR G 2T A0 O 1 R 85 G R R o AT O L A
ST R SR OK A FVE A PR AR , W] ] T S bR
AT AT R B e R BT RO o 3K s DA T AR

TIE T 38 2 T 21 A0 1 R AT L S o (R A
fi oy B i R T £ 40 D7 1k 0 BT 0K T A%
GeAb 2o B 7 W A2 (B I 1) T B R K 1 e
ARG 06 1) P A M S aE F R PRt e A
4 3 JEOME AT 1 A T 1 4R v R R AL
Fie o 1 5 1 R B — o R EE D B A 4 R 3 4T Ak
B T B VA T, G i A T I R ) o ASAE Y
i, T AR A R A T R AT A AR Y
g 12.82~40. 61 mg/g Al 11. 18~40. 45 mg/g, il
N TS YN R I R o e = N
o 38 Y B TIRE SECR S AR A SRR AN T
A R EAT oy B A, R ST IE Y R T O
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By B T v A B, AR 5 X B TS [ I B R 4 U
BER S R B, AE 908~1 670 nm i, A5 51 iy 57 0 4k
SR R R A5 AT DA RS A3 A G M S T DK B
B P B A AN [ 9 B5HE Ab 2 Ty = ST A
CME T R Y I LL AN AR A R — B OY
BRubZ 4, 2 FHOE BB CE S — R
L A5 TR T 21 A0 1 B R G A T T A
i EAT PR A W B, RUAH O R BC(RC L RpD AR
(SEC . SEP Il RPD) ¥ Afi 15 £ F Il 4 B , #f i€ 1 10
£ T K G BT R RN B TR A 1 3T 21 A
AR TR 9. 10 F1 5,

4 &

A BE 5T LA FD+SD+SNV O i i 4b 3 , 3 T
PLSR L 1 1 42 5 B O3 X3 32 ji o328 5 %00k 7 F
10, P A8 3T 21 41 30k W 5 %k i 30 T A R0 AT s vk 2
H & & o i JE PLSR &2 & A & Rc¢” . SEC . SEP,
Rp* #l RPD 43 % & 0.904 8, 1.576 1,2.408 9,
0.954 9 F1 2.791 4; Al % ¥ &5 1 PLSR /& & & A
Rc” SEC \SEP ,Rp* fl RPD 43 5] 24 0. 938 2.2. 003,
1.547 3.,0.994 4 F1 2. 970 4, #5 %I 75 300 o4 o % %55 o
AW 5E 3 W 3 20 A0 6k 1 45 A A IS Ak 2 0 i 2
FEAR AT P o T Ak R AR OB AN AT PR R B
T, I A, % R R AT LS R N S o AR v A Bk A
RO A3 0 B A58 A, A HR O K R B TE A 4 AR Y
HRZHE
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