128

FOOD & MACHINERY FA0EE 11 BE277H | 2024 F 11 B | R4SV

DOI:10.13652/j.spjx.1003.5788.2024.80283

ETEAXERGRE AR ﬁiil*]pHﬁ?ﬁh’f gl

éﬁﬁ%l g&i}}-l’z %}%ﬁé3 f/[ﬁ%/‘ 3 EW g 1,4
(1. N el R S M Rl s e N2 TERIEESE 010018; 2. N2 [ 34 X 4l 3 PR 20 A B i TR WEoT s,

W IEFIERE 0100185 3. N AR ML KA LA B, NS PEARIEHE 010018;
4. NN AR X R RS IR SRRl S RS0 NSl PR AR 010018)

WE. (BB & RFAA A E R pHAL [ 535 14 A 7T U/ 40 50 56 3% (400~1 000 nm) s A3 R x4 8F F 1 9 £ 84
BHT AL AT R AR PR I AR B HAR R B0 R R i R A IR R KRB . £ 8RR T IB K (SG) . B LA
R IE(MSC) Arf B A K Z 4 3% (SNV) fo — -5 4 (FD) 4 #F 3£ — 77 3% 2L & MSC-SG.SNV-SG .FD-SG 3 #+ 48 & 7 ik &
F b R ERIE AT AL, AR E D =R =2 (PLSR) A A M A A (RF) . L #4823 (SVR) M3 4 32 7% 5 )2
(XGB) 5 A M T AT AR K T As 3 M pHL e M AR [ 4R IFD-SG 4 R K T 2 7 i, XGB A A & 4L 4L
JEAREEANE A AR EANE R B S A A 0.930 1,0.830 0, 4% iE 3 7 A% £ Fa TN 3 7 AR3R £ 51 A 0.052 0,
0.0792, A A XGBHEAH A TASEFAHERATHEMLE S T pH, FE LA E BG R T AINETAEEE NH
A pHAR 4G &2 1) o A B U L[ B8 17T JU/3E 41 91 & 6 i AR H AR 7T vh 52 B3 A 8 3 19 pH A 89 R340,
KB B AR AR A B E T pH AR ; AR ] 5 Mk A B 38 52

Nondestructive detection of chilled mutton pH value using

hyperspectral imaging technique
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Abstract: [Objective] To detect the pH value of chilled mutton quickly and non-destructively. [Methods] Visible/near-infrared
hyperspectral (400~1 000 nm) imaging technology was used to collect scattering images on the surface of chilled mutton, and the reflectance
spectral curve of the region of interest of the sample was extracted to obtain the original spectral data. Four single methods of savitzky-golay
(SG), multiplicative scatter correction (MSC), standard normal variant transformation (SNV) and first-order derivative (FD) and three
combination methods of MSC-SG, SNV-SG and FD-SG were used to preprocess the original spectral data. Linear regression model: partial
least squares regression (PLSR) and nonlinear regression model: Random Forest (RF), support vector regression (SVR), extreme gradient
boosting (XGB) were used to construct the prediction model of pH value of chilled mutton based on full wavelength. [ Results] FD-SG was
the optimal pretreatment method, and the XGB model was the optimal model. The R% and R were 0.930 1 and 0.830 0, and the RMSEC and
RMSEP were 0.052 0 and 0.079 2. The XGB model was used to calculate the pH value of each pixel in the chilled mutton sample, and a
pseudo-color image was established to show the spatial distribution of the pH value of the chilled mutton sample more intuitively.
[Conclusion] Visible/near-infrared hyperspectral imaging technology can realize non-destructive detection of pH value of chilled mutton.
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Table 1 The division of chilled mutton sample set and the

determination results of pH value
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Figure 1 The original spectral of chilled mutton samples
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Figure 2 Spectral of chilled mutton after single pre-treatment
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Table 2 Single method pretreatment modelling results and comparison

ATk kb B 7 RE RMSEC R RMSEP RMSECV RPD
PLSR SRR G 0.836 7 0.078 8 0.752 9 0.093 4 0.075 5 1.947 2
MSC 0.810 9 0.082 6 0.750 2 0.094 0 0.077 2 1.9311
SNV 0.823 1 0.080 2 0.785 3 0.087 5 0.070 4 1.980 1
SG 0.811 1 0.082 5 0.789 1 0.086 8 0.0713 1.978 8
FD 0.843 9 0.078 0 0.792 5 0.085 8 0.067 2 1.994 3
SVR SRR G 0.873 4 0.074 9 0.798 4 0.085 4 0.065 1 2.016 8
MSC 0.867 6 0.075 5 0.792 4 0.085 8 0.065 8 2.0159
SNV 09139 0.059 2 0.815 6 0.0817 0.060 3 2.045 3
SG 0.902 1 0.068 1 0.805 1 0.083 7 0.061 1 2.043 7
FD 0.906 7 0.065 5 0.820 3 0.080 8 0.059 8 2.046 4
RF s 0.882 1 0.073 8 0.789 7 0.086 6 0.064 3 2.016 6
MSC 0.893 9 0.070 1 0.774 7 0.088 8 0.064 7 2.016 3
SNV 0.897 5 0.069 3 0.807 8 0.083 3 0.061 6 2.035 1
SG 0.897 1 0.069 4 0.801 9 0.084 4 0.0619 2.0329
FD 0.875 1 0.074 6 0.804 3 0.083 9 0.0622 2.0217
XGB SR i 0.862°8 0.0759 0.808 3 0.083 1 0.062 4 2.017 4
MSC 0.857 8 0.076 3 0.799 8 0.084 9 0.062 9 20161
SNV 0.913 5 0.059 3 0.820 1 0.080 9 0.059 2 2.0659
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FD 0.9183 0.056 3 0.823 4 0.080 1 0.058 4 2.068 3
223 AW A SG M S HAL3IFEIAN By ik S R AL B Oy vk

ARG A ML R 75 48 TH XS pH (B W T AR . el 1B 3 AT,
20 A T AL 3RS 1 G 1 it 2 A0 B — B4k B B AL b AT
AL S (A5 0 35 i £ v () R R B S b O i £
T ]I 2 T W AR A 3 O I AR A

4 A AL B S 1% 3% 2 IR IR Ot 1% £k 4 19 PLSR,
SVR.RF . XGB @ Mg R NFK 3 fiRm . hER3 M, &
SNV-SG .FD-SG il &b 2 Ji7 A9 50 45 AR Y 151 I 45 2 L Ji 4
6% B T 4T 1 42 MSC-SG Wi Ak B 45 L 5 T4 O 3% K4
SEARKEN o R X L 3 Fi gl 4 1AL B 7 W] A, FD-SG ik

3 ) O el P 22 b 2 R 5 3 X 2 B A 6 £ B E
TTAb 3, 25 ik — By S BORF- i i ik 40 A b 3 /9 BP
ol 2 ) 24 )11 2 A 78 TN 2k SR B S A O — B S A A 3
Jo MR S 5 AR L. Xu APl MSCLSG.FD.
FD-SG .MSC-SG 4§ £ F J7 1 Xt 42 Ak 1) D 0l 33 5 4 a0k £
TOUAb BT AL AR R 25 5 % BT SG .M SC-SG M FD-SG 1%
JIT A 4 AR 0 U A R R 80.5% , MSC il FD JIF 2 45 250 vfi g
RN 82% , A5 AT FATT R A FTI0 4 R 5 AR 06 P R E g
# . WK, it e MSC-SG L SNV-SG . FD-SG 5 & &

X % X g X
~ ~ ~
0
-10 . . . . . ) . . . . . ) 15 . . . . . )
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
AN K kK
Wavelength/nm Wavelength/nm Wavelength/nm
(a) MSC-SG (b) SNV-SG (¢) FD-SG
B3 maeTRA G 6y A8 F 1k E

Figure 3 Spectral of chilled mutton after combined pre-treatment
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Table 3 Combined approach pretreatment modelling results and comparison

AR T AL B 5 RZ RMSEC R RMSEP RMSECV RPD
PLSR SRR G 0.836 7 0.078 8 0.7529 0.093 4 0.075 5 1.947 2
MSC-SG 0.851 8 0.077 6 0.749 4 0.094 4 0.073 8 1.965 6
SNV-SG 0.8582 0.076 1 0.786 1 0.087 2 0.068 2 2.003 2
FD-SG 0.867 2 0.075 6 0.798 8 0.085 3 0.067 4 2.013 9
SVR s St 0.873 4 0.074 9 0.798 4 0.085 4 0.065 1 2.016 8
MSC-SG 0.883 1 0.073 1 0.786 5 0.087 1 0.065 7 2.0154
SNV-SG 0.920 2 0.055 7 0.816 1 0.082 0 0.059 4 2.066 1
FD-SG 0.917 6 0.056 6 0.821 1 0.080 5 0.058 9 2.066 7
RF E8/GPIN 0.882 1 0.073 8 0.789 7 0.086 6 0.064 3 2.016 6
MSC-SG 0.8529 0.077 2 0.779'5 0.088 3 0.066 5 1.996 9
SNV-SG 0.908 6 0.064 9 0.806 7 0.083 6 0.061 5 2.046 8
FD-SG 0.906 2 0.065 7 0.814 5 0.0816 0.060 2 2.048 3
XGB SRR e 0.862 8 0.075 9 0.808 3 0.083 1 0.062 4 2.017 4
MSC-SG 0.883 9 0.072 6 0.796 8 0.085 7 0.061 9 2.0318
SNV-SG 0.923 8 0.054 1 0.8242 0.079 9 0.057 7 2.081 4
FD-SG 0.930 1 0.052 0 0.830 0 0.079 2 0.056 3 2.0857
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Table 4 Parameter selection of each model based on the optimal pretreatment method

BT By BREEW BB S SEET O RRWE R RN T R R AR R A
PLSR 2 / / / / / / /
SVR / / tbf 0.5 55 / / /
RF / 55 / / / / / /
XGB / 35 / / / 3 0.1 2
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Figure 4 The scatter plot of the prediction results of the model built by the four methods
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based on the XGB model
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