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ABSTRACT: Objective To establish the qualitative analysis model by near infrared spectroscopy and realize
the classification of frozen-thawed minced pork. Methods Near infrared spectroscopy was used to identify
fresh minced pork and minced pork with different freeze-thaw times, and 4 kinds of discriminant models,
narrow neural network (NNN), linear discriminant (LD), support vector machine (SVM) and subspace
discriminant (SD) were established, separately. The performance of the models was evaluated by 4 indicators:
Correct discriminant rate, confusion matrix (CM), receiver operating characteristic curve (ROC) and area under
the curve (AUC). Results The model based on SD was superior, and the correct discriminant rate of its

prediction set was 96.2%, which was higher than that of LD model (94.3%), NNN model (79.0%) and SVM model
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(54.8%), respectively. Moreover, the CM, ROC curve and AUC of the SD model exhibited the superiority in the

classification of frozen-thawed minced pork. Conclusion

In this study, the established method that applied NIRS

technology combined with SD model illustrates a strong ability to identify the frozen-thawed minced pork, which can

provide technical support for the development of industrial on-line detection.
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Fig.1 Morphology of fresh minced pork and minced pork with different freeze-thaw times

ﬁ%?}\
RS TR

RELTN
VRN I

<EI2 UK
fﬁmm

>

el

10000 9000 8000 7000 6000 5000 4000
HE/em™

BTIERE A 5 b=

10000 9000 8000 7000 6000 5000 4000
e E/em™

P2 e A BE R RS Y BRI £ LA 1

Fig.2 Near infrared spectrum spectras of fresh minced pork and frozen-thawed minced pork



5 20 3]

R, % JETUTLAMEIE A VR A 5 48 B BRI 52 59

2.2 BRI ERARRL IR B FI AR BY A9 FE AL

R T RN R A S G 2k RS [ R RO T
BEZ IR SC 3R, ASBIFTEE SR 4R 105 fef A PR B TS T) VR i v
B P BE IS & AR LE 70 20065, 2k 490 MREA
BRVE R A4, HEA XL T NNN. SVM, LD fil SD4
ol J) A TR (30 ) B SR

CM JEEHR T . B2 FBL AR 2] vl ] B 7Y
TS S — R 75X, B R LA EDW A H X A [ ol
FRE AR M RE IR . M DU B i 3 T RE
A 110 L S 2 S RS IR ) S0 288 ) =2 TR A et I 6 R, IH— 1k
JA B CM "HIEE A (a, b)FRs ESZETIN a PUREASBY: 0

A
0 1.4%
1 85.7% BUNEA 43%
2 IR 2.9% 8.6%
ﬁ 3 90.0% 23 10.0%
m
4 5.7%
5 1.4%
6 1.4%
0 1 2 3 4 5 6 TPR ~FNR
URIIES
C
2.9%
A 4.3%
P
{&f 1.4%

0o 1 2 3 4 5 6
RIIES

TPR FNR

J2 b AR PR s 3 TR AR R SRR Y CM,
HIEL 3 AL, BRI 4 bR IR (E A R A
85%LL o NNN BEHI (] 3A)FILZktE SVM BRI (& 3B)X 38T
A% PR B 1) 3 JSHERA 26 50K 98.6% 11 87.1%, fIKT SD 44
AU 3D)FN LD BB 3C), 1 H., NNN AU FIZe 4 SVM
A XoF AN i) VR ol U 500 TR B 1) 43 S HE A R ABLIK T SD AR
FILD BERL, LD ARG ff 5 R BE FH VR 4 . 5 UKFI 6
UG A BER A 2SR R B IR B T 100%, {HXERL 3 U5
UL HMEAR T SD METY , SD AT S 57 5% 1 15 AN R Rl %
PR BE R AT AR i (R S S B T, o S TRV JBE L VR 3 9K
4R 5 YR 6 UM IR BE 4 43 JEMER A A 3 T 100.0%.

N 5.7% | 5.7% | 1.4% 12.9%

2.9% 20.0%

—

2 84.3% 15.7%
ijé 3143% | 5.7% 18.6%
i

4 91.4% 1.4% 8.6%

5 92.9% RRYZS 7.1%

6 1.4% 5.7%

0O 1 2 3 4 5 6 TPR FNR
T
D

0

1 98.6% RS PRS2 1.4%

2 XX 1.4%
K
Eﬁ 3

4

5

TPR FNR

BiES

H: A S NNN AL B 2t SVM %L C 25 LD #5%Y; D g SD Bi%Y, & 4[5, " TPR 24 H FH*(true positive rate),
FNR {8 [ (false negative rate).
K3 R EEI B CM
Fig.3 CM of different discriminant modes



60 B dn 24 R R I A 4R 5514 4

ROC [l 4 # Bl FH R H 51— Ao FE A8 00 I IR B
RO FASERA T R S B AT IS, St
Hoh ) BB IR FG BR, BIATHER R E CM, FTRES K
AR L T ROC HHZRTEREA A1 AR (LAY AT R
HEAGEFAZE , ROC & E— 24 FimE, fH Y ik
IRELBHMEF(TP 2), KOF X iR B FHMR (FP %), ROC
M2k F A AUC % 8 FOR PEM SR (132 ke )y, HUE
HIR/NSG BRI MERE R IEAIE, B AUCTEMK, 4r34dn
PhBE A0,

ARG 4 PR ROC #i 2R 5 AUC #EA 7 HLER,
SEIRUNME 4 FTR. NNN FI IR (] 4A)XF B ek 5 1A BE |
FRER 5 YR 6 YO A BERY AUC fHIAF) 0.99, Xk Eh 3 Yl
4RI BERY AUC{E %3] 0.98, X ERFN 1 Y BER) AUC

A
1.0

0.8 | [ i

0.6 4

% y 0 (AUC=0.9986)
o d ® ORI TAER
= 1 (AUC=0.9670)
w04 - e o 1T AR
e 2 (AUC=0.9720)
y o 2T T AR
e 3 (AUC=0.9810)
02 L e ® 3T AEN
) 4 (AUC=0.9828)
7 o 4T TR
. 5 (AUC=0.9914)
, o 5T TR
6 (AUC=0.9974)
o 6T T AR
L 1

0 0.2 0.4 0.6 0.8 1.0

o 0 (AUC=0.9988)
¥ /7 o QR IIES
= . 1 (AUC=0.9821)
o 0.4 - . o LM TN
, 2 (AUC=0.9762)
4 o 2 MERITAES
3 (AUC=0.9929)
021 s o 3BTRS
4 (AUC=1.0000)
7 & ABIEIER
5 (AUC=1.0000)
4 o SHIRITAEN
O 6 (AUC=1.0000)
o GBEAITAHES
1 |

| | | 1

0 0.2 04 0.6 0.8 1.0
fRIE

HIEAI(0.96), etk SVM R (& 4B)XEH 5 A BE . kil
5 YRR 6 BB P BEIY AUC {H I F] 0.99, SRR 17,
29K 3 YR 4 YR PIBE I AUC {EIE(0.97) LD BRI
AC)XTTRAL 4 TR, 5 YR 6 YIE PABE R AUC {314 E] 1.0000,
SD I ([F 4D)H) AUC {H L NNN, £t SVM Al LD #if &,
HX B s UBE . VRER 3 k. 4 ¥R, 5 YR 6 IRIW AUC B
IBFN T 1.0000, XFZREE 1R 2 KA AUC {HiEF] 0.9999.
FEETTIA K SD A5 RLIE: 4 Ffrfi il AR R v Xof R i P JBE
AR B R AR AL, X —25 R 5 3CM MR,
PUIX — &5 5 AT g 5 A LR R Al ) & 2B P DU R A AR kAT
KRB A, Hit, FTFREGAIEMEAIERE ., 25
A% JERRIER B2 . CM. ROC Rk AUC J7ii, SD
FI LD BT 5 P

B 10t —

o . 0 (AUC=0.9944)
3 2 o ORHTHEM
! 1 (AUC=0.9772)
I 0.4 e o MRS
. 2 (AUC=0.9734)
2 o 2 BEE AR
e 3 (AUC=0.9745)
02 L R o JMERMTAEN
: 4 (AUC=0.9763)
e o APIHITAES
/ 5 (AUC=0.9944)
d o SHEAITAEN
ol 6 (AUC=0.9945)
o OHERITAEA
L 1

0 0.2 0.4 0.6 0.8 1.0
B

0.8 - ;

0.6 - ;

& d 0 (AUC=1.0000)
i d ® ORI TR
= ) 1 (AUC=0.9999)
o 04| P ® AT
e 2 (AUC=0.9999)
% © D REIMAREA
p 3 %éUC:LOOOO)
0.2 ot ® IR
4 (AUC=1.0000)
’ 4R TR
e 5 (AUC=1.0000)
, ®  SHERITAES
6 (AUC=1.0000)
®  GHTITAER
1 |

1 | | 1

0 02 0.4 0.6 0.8 1.0
fBIESR

B4 AFERERE ROC M AUC
Fig.4 ROC curve and AUC of different discriminant models



5 20 3]

R, % JETUTLAMEIE A VR A 5 48 B BRI 52

61

2.3 FIRFRB TR FAE AR TR

R T 58 UE T A ) AR A 6 A HURR AR B B AR, AR
WIS AP RS S EB S 210 MEARGEFHE 30 M
AR g T A %E e A2 S S ASE TR g S AR A T A B, L
WREEIRINZE 1 R, S5 @R, NNN ISR RG Fm 45 1)
IETHI R 79.0%, HAUKEHT SR ABE . URil 3 . 5 K
H1 6 YA PR BE A IE T 4 3 38 15 T 90%, Ko AR & 1) T A
PR R AR . SVM MY 5 H A 3 FIERUAR E, X 30000 4 B4
IERHIBIREAR, S~ 54.8%, F H TR 1 U PR BE 1Y 1E 14

FIRZEAR(13.3%), (A 4 RES AR, HARRES
BN B0 A ik PR BE (21 AR A 2 IR A BE(S A) o FEEL (]
() 4 Ffr ) SRR ) SDASERY AN LD ¥4 /R T 88 kg, it
F AL ET A B2 0EE B T 96.2%F1 94.3%, Xk
B3 L4 YOR S UM R BE R TIN E A3 R A R A B T
96.7%LA I Frh, SD XFVRRL 6 YR PR ¥ LE i TR0 A 43
REERAIRE] T 96.7%. L5 4 Pl IR (1 1E 1 50 1) %,
K F SD BIRUHT LD ASTHRYES ] A5 200 SIS ] R Al S 4
PEE, H SD BB,

Rz 1 FEFIFEELIT TN A FI B4R
Table 1 Discriminant results of different discriminant models on prediction sets
R i e AN R it
0 1 3 4 5 6
0 27 1 / / / / 30
1 11 7 11 1 / / / 30
2 / 6 24 / / / / 30
A~ 3 / / / 30 / / / 30
4 / 2 2 3 23 / / 30
5 / / / / / 27 3 30
6 / / / / 2 / 28 30
NNN 0 90.0 3.3 6.7 / / / / 100
1 36.7 233 36.7 33 / / / 100
2 / 20.0 80.0 / / / / 100
HIrH% 3 / / / 100.0 / / / 100
4 / 6.7 6.7 10.0 76.7 / / 100
5 / / / / / 90.0 10.0 100
6 / / / / 6.7 / 93.3 100
B ED 79.0
0 19 / 11 / / / / 30
1 21 4 5 / / / / 30
2 / 17 10 3 / / / 30
U4 3 / / / 30 / / / 30
4 / 6 4 3 17 / / 30
5 / / / / / 19 11 30
6 / / / / 2 12 16 30
SVM 0 63.3 / 36.7 / / / / 100
1 70.0 13.3 16.7 / / / / 100
2 / 56.7 333 10.0 / / / 100
HIHI% 3 / / / 100.0 / / / 100
4 / 20.0 13.3 10.0 56.7 / / 100
5 / / / / / 63.3 36.7 100
6 / / / / 6.7 40.0 533 100
TERFI 51 %% 54.8
0 30 / / / / / / 30
1 1 25 4 / / / / 30
2 / 3 27 / / / / 30
LD A 3 / / / 30 / / / 30
4 / / / / 30 / / 30
5 / / / / / 29 1 30
6 / / / / 2 1 27 30




62 B i & A R 2 14 %
= 1(8)
S i %5 AR it
0 1 2 3 4 5 6
0 100.0 / / / / / / 100
1 3.3 83.3 13.3 / / / / 100
2 / 10.0 90.0 / / / / 100
A5/ % 3 / / / 100.0 / / / 100
LD 4 / / / / 100.0 / / 100
5 / / / / / 96.7 33 100
6 / / / / 6.7 3.3 90.0 100
IEARH 55 % 943
0 29 1 / / / / / 30
1 2 27 1 / / / / 30
2 / 2 28 / / / / 30
A 3 / / / 30 / / / 30
4 / / / / 30 / / 30
5 / / / / / 29 1 30
6 / / / / / 1 29 30
SD 0 96.7 3.3 / / / / / 100
1 6.7 90.0 33 / / / / 100
2 / 6.7 933 / / / / 100
HR % 3 / / / 100.0 / / / 100
4 / / / / 100.0 / / 100
5 / / / / / 96.7 3.3 100
6 / / / / / 3.3 96.7 100
N BRI 96.2

T R TI

FERSAUAE A ) 551 %6 5 THT, SD SRR LD ALY X i o 4

T JBE R0 AN ) o il vk B0 TR JBE I AE B P SR B iy, 4 ok
96.2%F1 94.3%, &35 & F/EMERIRL(79.0%) A SVM 157!

(54.

B T ARG O, AT T R BORE P JBE AR il A 14 4531,

8%). [AIAT, SD LAY CM . ROC BHZEFI AUC 4 BoR

AT R R OR I FH T VTl 4 DA 119 JC 8 5
SE B

(1]

ZHANG MC, LI FF, DIAO XP, et al. Moisture migration, microstructure
damage and protein structure changes in porcine longissimus muscle as
influenced by multiple freeze-thaw cycles [J]. Meat Sci, 2017, 133: 10-18.
PAN N, DONG CH, DU X, et al. Effect of freeze-thaw cycles on the
quality of quick-frozen pork patty with different fat content by consumer
assessment and instrument-based detection [J]. Meat Sci, 2021, 172:
108313.

ROCE, B, TR, AF VREOC USSR A R B R AR
P BV RS BT (], £ 5 R BTl 2021, 47(19): 101-110.
WU XG, ZENG MM, HE ZY, et al. Effect of freeze-thaw cycles on
myofibril dissolution system protein denaturation and quality of minced
pork [J]. Food Ferment Ind, 2021 47(19): 101-110.

SR, XV, BRLLZE, A FLIE LRI S 52 v Rl A BE A AL Rk
AT R]. B AR, 2020, 41(4): 7-14.

PENG XY, LIU Y, HE HJ, et al. Effects of whey protein peptides on

oxidation inhibition and quality improvement of chopped pork during

[10]

[11]

[12]

repeated freezing-thawing [J]. Food Sci, 2020, 41(4): 7-14.

CHENG WW, SUN DW, PU HB, et al. Hetero-spectral two dimensional
correlation analysis with near-infrared hyperspectral imaging for
monitoring oxidative damage of pork myofibrils during frozen storage [J].
Food Chem, 2018, 248(15): 119-127.

KT, AUKE, BER, 5. T RGN PR RN 1],
gl TR, 2012, 28(7): 254-259

ZHANG LL, LI YY, PENG YK, et al. Determination of pork freshness
attributes by hyperspectral imaging technique [J]. Trans Chin Soc Agric
Eng, 2012, 28(7): 254-259.

PU H, SUN DW, JI M, et al. Classification of fresh and frozen-thawed
pork muscles using visible and near infrared hyperspectral imaging and
textural analysis [J]. Meat Sci, 2015, 99: 81-88.

EXFE, SER. ETILAMDEE R AR N IR D).
i TR AN 4R, 2014, 5(3): 754-760

WANG WX, PENG YK. Discrimination of fresh and frozen-thawed meat
based on near infrared spectroscopy [J]. J Food Saf Qual, 2014, 5(3):
754-760.

LOPEZ-MAESTRESALAS A, INSAUSTI K, JAREN C, et al. Detection
of minced lamb and beef fraud using NIR spectroscopy [J]. Food Cont,
2019, 98: 465-473.

PARK S, YANG M, YIM DG, et al. VIS/NIR hyperspectral imaging with
artificial neural networks to evaluate the content of thiobarbituric acid
reactive substances in beef muscle [J]. ] Food Eng, 2023, 350: 111500.
ROPODI AI, PANAGOU EZ, NYCHAS GE. Rapid detection of
frozen-then-thaws minced beef using multispectral imaging and Fourier
transform infrared spectroscopy [J]. Meat Sci, 2018, 135: 142-147.
FfESE, REER, XM, 55 JETERIGOLIEHE SRS 0 A R R
) K R ECEANT]. Al TRE#4R, 2014, 30(6): 272-278.



5 20 3]

R, % JETUTLAMEIE A VR A 5 48 B BRI 52 63

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

ZHANG HL, ZHU FL, LIU XM, et al. Classification of fresh and
frozen-thawed fish fillets based on information fusion of image and
spectrum [J]. Trans Chin Soc Agric Eng, 2014, 30(6): 272-278.

kA, Ei, AR, S 2RI ICH R Y e T
B, JEiE 5T, 2021, 41(9): 2892-2897.

ZHANG HF, WANG W, BAI YR, et al. Non-destructive identification of
hazardous bone fragments embedded in the frozen-thawed pork based on
multispectral imaging [J]. Spectrosc Spect Anal, 2021, 41(9): 2892-2897.
[, J§&. Matlab i 205 505 0 M. dbat: B2 e,
2003.

WEN X, ZHOU L. Matlab neural network simulation and application [M].
Beijing: Science Press, 2003.

HRKH, KT, 25, % JET Fisher Z8VEF BT I7 B A0 AR
ST TR ER D] S P, 2021, 37(2): 78-84.

SHAN QF, ZHANG T, LI C, et al. Construction of a prediction model for
mainstream cigarette smoke qualigy based on Fisher linear discriminant
analysis method [J]. Food Mach, 2021, 37(2): 78-84.

INGESE, BIRUR, NI, & ETFRLLIMSEEBOR A 3T IH 450 &
FEHITIRRIT D). A BT, 2023, 14(5): 53-59.

SUN XR, HU YR, LIU CL, et al. Identification of new and old tea and
origin traceability based on near infrared spectroscopy [J]. J Food Saf
Qual, 2023, 14(5): 53-59.

TRAE T, HETFOEIEEOR B A B IBRAN L WFE (D). BN : WK,
2022.

ZHANG YN. Study on the detection method of meat adulteration using
spectral technology [D]. Hangzhou: Zhengjiang University, 2022.

B Ek, R, YHRAR, %, 3T Subspace £ 2 > (K HH 2SR5
FEI TARAIIME T2 E 40, 2021, 31(4): 40-44.

DENG XW, LINAG S, XU YJ, et al. Weeds recognition in paddy fields
based on subspace ensemble learning [J]. J Guangdong Instit Petrochem
Eng, 2021, 31(4): 40-44.

WAL, FRULEE, Wk, 5F. BT T SAIBENL T A A A ) A
TR J ], HEZE, 2018, 40(8): 39-42.

JI XK, ZHENG JX, YANG L, et al. Recognition of eff storage time based

I8

son electronic nose and random subspace ensemble learning method [J].
Chin Poul, 2018, 40(8): 39-42.

ARG, BREOL, Mg, JET Stacking FE RS HOELLAMEIE I TUA
ErmAET ], ik 5 Okik 3T, 2023, 43(4): 1030-1036.

LI QL, CHEN ZG, JIAO F. Prediction of oil content in oil shale by
near-infrared spectroscopy based on stacking ensemble learning [J].
Spectrosc Spect Anal, 2023, 43(4): 1030-1036.

RRHPR, WRIEES. FIFHUEZLAMG S X L T SRR P T S K
R PILT]. i S AEMIEOR R, 2021, 40(3): 89-96.

ZHAO JY, YAO HZ. Non-destructive identification of long-term frozen
pork by near infrared analysis technology and electronic nose technique [J]. J
Food Sci Biotechnol, 2021, 40(3): 89-96.

XUWEHE, SKALE, 1EH0, 55 ITLTAMEORPOHUAGINA i A S ST TS []).
B A RGN AE 4R, 2018, 9(11): 2734-2738.

LIU XL, ZHANG LH, HUA J, et al. Rapid evaluation of mutton quality
by near-infrared spectroscopy [J]. J Food Saf Qual, 2018, 9(11):
2734-2738.

SKmiAe, MUSAR, I, S BT IR R IT LMD AR %)
B AN WAL B 2 (A AR AR), 2016, 44(12):
201-205.

ZHANG LH, XIANG QS, LI SF, et al. Identification of adulteration of
minced beef with near infrared spectroscopy based on support vector
machine [J]. J North Agric Forest Univ (Nat Sci Ed), 2016, 44(12):

[24]

[25]

[26]

[27]

[28]

[29]

[31]

201-205.

e, RN, BHER, S S TILMGS AR AR R N BRI
BII[T]. H Al R2E244R, 2023, 58(1): 19-29.

LIANG J, HAO SY, ZHAO XM, et al. Construction of an adulteration
identification model for beef and mutton based on near-infrared
spectroscopy [J]. J Gansu Agric Univ, 2023, 58(1): 19-29.

WENG SZ, GUO BQ, TANG PP, et al. Rapid detection of adulteration of
minced beef using Vis/NIR reflectance spectroscopy with multivariate
methods [J]. Spectrochim Acta A, 2020, 230: 118005.

LENG T, LI F, XIONG LA, et al. Quantitative detection of binary and
ternary adulteration of minced beef meat with pork and duck meat by NIR
combined with chemometrics [J]. Food Cont, 2020, 113: 107203.

MRsEse, RIWAR, BRI, 4. SETITLANEERE R D e 4 py
TRB AL, R RTE KAE AR (H SARHER), 2022, 35(4): 402-406.
CHEN LL, ZHU YD, LI MJ, et al. Fast prediction of pork in beef based
on near-infrared hyperspectral imaging [J]. J Hainan Nor Univ (Nat Sci
Ed), 2022, 35(4): 402—406.

KA, WRTE, BOUR, . SETIRLLANE GRS RS & K IR S
SR ZE R )] 250l 2021, 41(4): 726-734.

ZHANG L, RU CL, YIN W1, et al. Identification of Ziziphi Spinosae
Semen from different habitats based on near-infrared hyperspectral
imaging technology and watershed algorithm [J]. Chin J Pharm Anal, 2021,
41(4): 726-734.

PAEE, EW. T LA ERE o M i P25 2505 7 H 4 R 0], By
A VT, 2022, 11(3): 50-59.

LI XJ, WANG T. Identification of Chinese medicinal materials based on
infrared spectral infrared spectral analysis [J]. Math Mod Appl, 2022,
11(3): 50-59.

T, AEF, EWEE, 45 LMESE A RS S TG L LA Hb ).
fh2Ei 7, 2023, 45(3): 112-119.

WANG Q, XIONG F, WANG YY, et al. Identification of origin of crocus
sativus by infrared spectroscopy combined with stoichiometry [J]. Chem
Rea, 2023, 45(3): 112-119.

HRBLARII AR, TR NI -78E, ERIE. JEF ROC MLk Fksk il
2531 CTRP6 I Irisin 25 1% 2 RUBERAG A TN ELL]. BRI pe
2K, 2023, 44(3): 285-289.

ZAIMILA YLHM, XIRENGULI ZN, WANG CH. Analysis of predictive
value of CTRP6 and Irisin protein for type 2 diabetes mellitus based on
ROC curve and decision curve [J]. Int J Lab Med, 2023, 44(3): 285-289.

(FAEG4E: Shuss # @)

1EZ T

B X, mt, BEIRM TERR
HEARBELS.
E-mail: 569878663 @qq.com

KARAE, HE, BIEER, TEMRASE
ARFEEMIER2ES,
E-mail: zhanglihua82828@163.com





