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Abstract

Near infrared spectroscopy (NIR) combined with partial least squares (PLS) was used to identify
rapidly adulterated dairy products. Eliminating abnormal points and other methods were em-
ployed to optimize the model. The results showed that for the identification of dairy products
adulterated with water, the ideal model established by PLS was under transmission mode, using
Spectrum, S-G smoothing method and additional scattering correction light path method, and the
factor was 5, in which the correlation coefficient of prediction set (RP) was 0.9975 and the coeffi-
cient of determination (RZ) was 0.9943. For the identification of dairy products adulterated with
starch, the best model was under transmission condition, first-order derivative spectrum, Norris
smoothing method and no correction of optical path, and the factor was 4, in which the RP was
0.9913 and the Rz was 0.9827.

Keywords

Adulterated Dairy Products, Near Infrared Spectroscopy, Rapid Identification, Model Optimization

E TR CRrZB AT B mERRBML

'T‘-“P‘Mu ﬁ,%i‘w glg'f%%5 Fé:‘ :ﬁ” $kg{|‘

FEMEBE R MRS A, AR B
Email: 17862667572@163.com

ks H A 201943 H29H s A HEM: 2019F4H12H; KA HM: 2019447 19H

=
NEBB O ILH PR R, BT IELIETEEAR, KA R/ ik (PLSIX) & LB T4 & K &5

MESIA: R, PUEE, #EM, S, BRI R TIRLIOGERS IR RN BRI, 2019,
7(3): 96-105. DOI: 10.12677/0jns.2019.73015


http://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2019.73015
https://doi.org/10.12677/ojns.2019.73015
http://www.hanspub.org

b

AR, HFIHBRRE SRS EMERBTRN. SRRH: BAARHREEHTRT, BHTEAS,
KRHABHIHE . S-GE. MBI FrIES i) e BEE SOV, HBNEMKREN0.9975, RE
£%0M50.9943; BIHAFIREEHFRT, HFEA4, RA—NESLGE. NorrisFHE. ABFIER &
ERA BN, HIMUEMRXREN0.9913, HEREH0.9827.

Xiin
BOvILHG, EASEHE, PUEER, BRAGLL

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

ITAER,  FL SRS & W N, (BT AR R, FLE B AR, Bl “ =5
FHEHE R EM” R EAET , XA E N T S N SRR A A, R, R
THCVHE A b T LA S BT A LA o E B . NY/T 802-2004 (FL-5 2L i v By il 2 &l - bk
) SFERR SRR T A LB R I AL G 5. AR G I T VR TR AR B, (H2
FRECEBI1] (2], AR, ARG 5 S BOMETE B3], AR T RIERN4]. AT L5
P FL A 1) v RO I, ARSI T AT A R A L R R HEAT AT AT, R T AR ST
AR IELAMDEIER AR i B AR B2 2R B YL &, BN “OrEN” [5], 1E20
tH4d 90 AEAR S WM N B AH[6] [7]% AOM[8]. HIZG[OIFE S [10] [11]55408 . ZHAR BA ik
P TR EHTERET ARTEHRE. AT SR 2 S FE AR A A I SRR R TSR R A AT, &
J50F 5 Tl L] it ) S B A, e AR LA SR (12]78 82 T AT LLANAS G B IR B A ) 43 A A7 AR AR R AE
I SR ARG W H )5S M R SO R 13RI IR LD A & R M BN LEXRAS PR R 5 A = R E T 7
SEVERETE o Sh ARG S [ 141 R AL L0 RS SR W B BEAT T 48500 43 #r, TR PRSI i T JE sk 473 P B B

2. MRIFIFTE
2.1. {UEEFR

Antaris 11 BY# B IH-3T 274615 /3 B14 . RESULT-Integration Y6l KA. TQ Analyst ZEARL (35
Thermo Fisher Scientific A #]), 284 Y50 B AR T RAGET, FERT: HEEF 3.0 g/100 mL.
G 3.8 /100 mL), ZHiF7K, ek OREETHUEA F AR AR - KM, ar % - 44k,

2.2. BB

2.2.1. HESEHIE

T i R A= R i ST A5 AN K B A 7L, T I A U S AR 4 1 ) B B R B A5 HE BT B N 5 R
1 LR 4% FR 77, 3 AR R B A KB R & E 5 EEN 55.00%- BN TER 1 L BR & 84.21 g/L.
B E N 0.10%~70.00% 1153 73 NMBIKFEM, B E RN 0.16~84.21 g/L #il#3 53 NMBIERFF i
W2 1.

][l

DOI: 10.12677/0jns.2019.73015 97 FI AR


https://doi.org/10.12677/ojns.2019.73015
http://creativecommons.org/licenses/by/4.0/

b

Table 1. Adulterated dairy products system
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RN 50%~60% F HEAT 1% 5 F18 48 77 30T B R EE . AR E N 2 mm, H#EEN 10,000~4000
em™, FER 8 em ™, SREAEUEL 32 Wk, AR 3 K, IO IEEHE N TQ-Analyst #fFH 2
SLHCEEDGIE .
2.2.3. {RBROENL . A RISE

BT TQ Analyst 84, KH PLS 7%, MWEAFE S RAUER =02 Z AR T &85, =02z —"
FES 000, G A TR AR 145 O IR B A BUE AR AR B O T A B P . BB 78 AL, IEIEE R
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Figure 1. Spectrogram region of 10,000 - 4000 cm ™' of dairy product adulterated with water under diffuse reflectionmode
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Figure 2. Spectrogram region of 10,000 - 4000 cm ™' of dairy product adulterated with water under transmission mode
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Figure 3. Spectrogram region of 10,000 - 4000 cm ™' of dairy product adulterated with starch under diffuse reflection mode
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Figure 4. Spectrogram region of 10,000 - 4000 cm ™' of dairy product adulterated with starch under transmission mode

& 4. ESARBEH I RIAER 10,000~4000 cm ™' HILE

2.5+

2.0

L

1.0

0.54]

0.0-

Figure 5. Analyzing abnormal points of dairy products adulterated with water under diffuse reflection mode

E 5. BREFATEKEEERIN

2.0

1.54
Dist. il

0.5

Figure 6. Analyzing abnormal points of dairy products adulterated with water under transmission mode
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Figure 7. Analyzing abnormal points of dairy products adulterated with starch under diffuse reflection mode
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Figure 8. Analyzing abnormal points of dairy products adulterated with starch under transmission mode
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Table 2. Statistical analysis of the modeling results of the adulterated dairy products system under diffuse reflection mode
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FeE I TRAL 3 v e eSS
B R
FeE A% 0 I RMSEC Corr. Coeff RMSEP Corr. Coeff
T FiE 0.0403 0.9796 0.0667 0.9539
JRAGE
S-G “Fig 0.0403 0.9795 0.0667 0.9538
Jo i 0.0289 0.9895 0.0460 0.9787
— M S HE S-G i 0.0284 0.9899 0.0470 0.9779
K
Norris P 0.0453 0.9742 0.0644 0.9566
Jo g 0.0200 0.9950 0.0499 0.9754
— S HGE S-G Fig 0.0276 0.9905 0.0597 0.9647
Norris “F# 0.0254 0.9920 0.0410 0.9855
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T 5.0900 0.9790 8.3000 0.9560

ARG
S-G il 5.0800 0.9798 8.1000 0.9585
T 3.9900 0.9876 13.000 0.8924
o — P4k S-G i 4.1000 0.9869 13.200 0.8875
e Norris i 4.7400 0.9825 15.400 0.8544
T 2.0000 0.9969 8.2500 0.9588
Zr S0 S-G “Fily 2.9800 0.9931 9.8100 0.9358
Norris V-1 6.4700 0.9670 23.200 0.6051

5 KB TE VR R FH R ' 1 A 5 DA R 3 T 92, TROIU A 55 92 Py i3 22 18 7 R /N (B813% A 3t 0.0680),
FHR R B R 0.9530). XFELRT AL, BKFE M E [ SEGER X TR A Norris P 7755 211
BT S FRAR, 3 VR AN TN i i, G FRUIN A AH 5 SR BRI R 2235 7 iR 43 73l 0.9855 F 0.0410.

BUEMFE i — B SEOERS T, Jo8 R R T4 77, R R R 2235 7 IR ERECR (33K T 10.00),
FHIE RBEBIR /NS IE 0.9000), BT LABTER FE i ANIE S ARG ks T B 1240 i 2 SR A6 6 1% -S-G
SV OTVE R Z B SEOE - T TR B RS A S B BAR G oo AR SR 1 R BE e A R AE
Fr @Bk X - TP Tk, PN AR AH 5¢ R BRI ZE 1 TR 43 7 0h 0.9588 il 8.25.
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Table 3. Statistical analysis of the modeling results of the adulterated dairy products system under transmission mode
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i kgL RS RMSEC Corr. Coeff RMSEP Corr. Coeff

[ T E 0.0165 0.9968 0.0172 0.9968

S-G i 0.0167 0.9967 0.0172 0.9969

T 0.0193 0.9957 0.0192 0.9960

—pr 2 EE S-G “Fit 0.0194 0.9956 0.0198 0.9959

K Norris V-1 0.0202 0.9952 0.0204 0.9956

T 0.0131 0.9980 0.0369 0.9953

Z e S-G Py 0.0226 0.9940 0.0311 0.9806

Norris V-1 0.0218 0.9944 0.0214 0.9952

v T 4.3700 0.9854 3.8300 0.9898

S-G ¥ 3.9200 0.9883 4.5500 0.9852

b R 4.6100 0.9838 4.1000 0.9890

[ —br S0k S-G P 4.6300 0.9836 4.0200 0.9895

eh Norris “F-1f 4.4700 0.9847 3.6000 0.9913

P 5.1600 0.9796 4.9100 0.9839

Zr s S-G i 4.1600 0.9834 4.3800 0.9875

Norris “F-1 4.3900 0.9853 3.6900 0.9906
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Figure 9. RMSECYV changed with change of factor in dairy products adulterated with water
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Figure 10. RMSECYV changed with change of factor in dairy products adulterated with starch
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Table 4. Modeling results of different optical path corrections under transmission mode
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Figure 11. The verification result of quantitative model of dairy products adulterated with water

B 11. #kirmEERBMEIELERE

R?=0.982

0 20

40 60

80 100

ER B ESE (g/L)
Figure 12. The verification result of quantitative model of dairy products adulterated with starch
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