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Non-destructive Detection Method of K Value in Pork with Terahertz Spectroscopy
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Abstract; K value is an important freshness index. It indicates nucleotide degradation, which is usually
employed to assess meat spoilage. High-performance liquid chromatography ( HPLC) is a common
analytical method to estimate K value. However, it is time-consuming, destructive, and is not suitable to
monitor pork freshness rapidly, non-invasively and in real-time. The feasibility of Terahertz ( THz)
spectroscopy in predicting K value of pork non-destructively was studied. The THz spectra (0.2 ~2 THz)
of 80 pork samples with different freshness in the attenuated total reflectance ( ATR) mode were
acquired. Their K values were also measured by HPLC. Three models were established to predict K
value, such as principal component regression ( PCR), partial least squares regression ( PLSR), and
back propagation artificial neural network ( BP-ANN) after the sample spectra were preprocessed by the
first order derivative and filtered smoothly by Savitzky — Golay. Comparative research results showed that
the nonlinear algorithm model of BP-ANN was the most superior way among three models whose root mean
square error of prediction ( RMSEP) was 14.36% and correlation coefficient (R,) was 0.75 in the
prediction set. The THz spectral combined with BP-ANN model can be used to predict pork K value
although it was not perfect. Compared with HPLC, the THz spectral was non-destructive, rapid and
simple. The research would lay a theoretical foundation for developing portable THz inspection equipment
based on the THz spectroscopy.
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(9 THz 6 RE R | 2 7 THz e 8 55 A K (2
A P O ZR AR TR, S B A P K (A DR T G A
T 5% — s PR BT fi 5 PR TG A i Ay vk

1 #REFZ®

L1 e
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Fig. 1  Schematic diagram of optical path in ATR module
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A Cop—FEdh P ATP R
s FE Al R ADP 8
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R i R IMP 9 8
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Cy,—FERD Y Hx W

AIUL PR i R B i, KEDBRAIR, e 2 KRB o
K JH HPLC J7 45 00 PR ) ot b i) KO AR 40 0 sl Al
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A Hx ) 7 [E 2 AR v A A [6) 3, 43X 6 R ik~ 21 40
G343 N A X BE A oy Y B, AR R U (1) TR
WAL SR KA AR SORSESEREA THZ 635 5L
)i S RIR ] — RE A HEAT K HIE

FHT K TEAS I % A i 1 Ak B 2ok R G o Bl
Rl 4 4 i P 8, MR IR(2.00 £ 0.05) g LA
50 mLEf.L 8 N, AR AV G ) 10% IR 1 TR
20 mL, % HEPE % 1 min, A 8 000 r/min 3 & & >
10 min, it BIH W P 5% & SR IE W 20 mIL H
PRUTVE W 1 FE W A, L8 000 r/min 3 FE B O
10 min, &3 E## . FA 10 mol/L {4 NaOH & ik 17
RO pH AT 6.0, 8K )5 AT 1.0 mol/L
NaOH # 4k 25 96 15 pH {H 2 6.0 ~ 6.4, 4 Jil # 4l
IKEAEZE 50 mL, 1 0.45 wm 9 AL B s 0, g
BT 4CTIRAE, il

HPLC 45441 °F : Finnigan Surveyor %l g AH {4 1%
AL (ZE[H Thermo — Fisher /A @] ) , AQ — C18 Bl {43 £+
( Z£[E Thermo — Fisher A &) , J 3h 4~ 0. 05 mol/L
i K, PO, Z& P (pH L 6.5) , 22 vh i I 8 4 K i
il , B HEAE 1 L, iR 200 L/ min, A5 I 4G
254 nm, ATP 73 fiff 59 S 7 ¥y th AP AR 25 58 &, W2
JBE N 0 ~0.5 mmol/L,

I b A Y R R ATP G HR W) (ATP
ADP AMP IMP HxR FI Hx) H: 6 Ff b5 o 5 (45 B
99% LA L., K [E Sigma — Aldrich 22 &) ; BEFR 81 . A
AL AR (e pral, 1 2 4R AL e R A BR A
A ) 5 K 7K A Millipore Academic % 4l 7K 4% il
Ak .

2 HRESMH
2.1 K{EHH

Kl HPLC #3845 80 MREAH K {8, Zeit 20 #r
ZERANG 1 PR I AEAS (AT LA Y Bl
A B AT IR 15 6y 364 o, B R AN T AR, REAS 9 K fE

C
C
C
C

A, ARG R AR E R, Hop, S ~6d,
6 ~7 d FYSE IR AR RO U A LR AT G SR A
PR B ik A8 AR JEE A 5 B P O A 5 PR R A
6 ~7 d 7N, i BB R A WIS A IR IR, [H It
TN DA L L FE U D B R R R . AR
AREAR KAEBL TG 18 RO AN [R) 0 S 2, 1 = 3
7 A B T A SO 2 S THz S 3% B0 KR AL
TUAT B0 ) B
%1 HPLC WBH K &
Tab.1 K values measured by HPLC

fAfEmtE/d HEARE  RRME/%  m/ME/% FIE/ %
0 10 39.62 22.89 31.96
1 10 47.25 37.17 41.99
2 10 51.93 39.91 48.11
3 10 53.40 44.78 51.41
4 10 56. 46 48.17 54.04
5 10 68.73 49.93 59.09
6 10 93.19 64. 84 81.54
7 10 96. 26 91. 66 94.53

80 MEABLREHL />y 54 K IE £ A 26 A Hi
WA, AR REC 2010 KR IEE N T
THz S 3% BN KR A Kl 68 28 5 T 4 J o A6 46 e
AL YRR TN R MR A K (A HERA P, g3k 2
LA R IR AR PO A R AR AR A B K (EAE
] AR A (), S 249 (LR v 22 e 8 A D DX, TR e
IS FTUIN AR AR A BB IE Y

x2 REESTMNEN KERITER
Tab.2 Statistic information of all samples in calibration

and prediction sets

HAES HANE KEWEHE/ %

I/ % BRUERE/ %

i A REA 80 22.89 ~96.26 57. 84 19.95
A2 IE 4 54 24.86 ~95.96 58.07 19.17
) 4 26 22.89 ~96.26 57.35 21.87
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PRRE 119 [7) — 3 T 7E A [ 79 D 3K 45 1 i ) &
6 UK, 344 6 7% THz J6ilk, BIE FiX 6 Z5 615 1 % 58
A A H T A A0 MR P R 3R 22 R i 2k
HEZMAFH 6 ZOLIBATTREE 2 E A, N TIFEMG
T, A LATEAR ) — A it 2R i 22 2 I n AR
50 n, £06 3% 09 bR HE 7 2296 4% ( Standard variance
spectrum of repeat spectral, SVSRS) ,SVSRS {H /]y,
A e IR A AR

(2)
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M & Mk R B ——F 4k 11 3 ( Principal

Preprocessing of THz spectra

components regression, PCR) Fl {m & /> — 7€ [l 5
(Partial least squares regression , PLSR ) L } 4F £k 44
—— ] 1% 55 i 42 ™ 4% [W] 5 ( Back propagation
artificial neural network, BP-ANN) /3 1] 56 4iF iX Fh &
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Matlab R2009b ( 2 [i Mathworks 2\ ] ) B4 %) ik 4%
P HEAT T
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Fig.4 Results of PCR model
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LU WAL BE 22 03 v 8 O 31 HO AR R S
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2.3.3 BP-ANN 7 i 55 A4

BP-ANN BRI G fft A Kl 1A 0 D RE R R JT A4
ARG S SN E S Z M E 48R . BP-ANN —
JE AT 22 J2 il P 28 I 4 o AR SO 1 R 8 I 45 4
NS R 3 R A E R E R MR L E ., AT
REAR i 22 ) 25 U R 0 B2 A% B8, SR T PC A 7 i 0 i 4k
B S 0078 B R AT 808 O3 e, BROR B BT R FE Gk
B 95% 1) F 8 o> He A A P I 45 1 B A i 2
R A B K PR R R R &
/AW SRR |

Results of PLSR model

m,=./m,+m, +a (3)
m,—— B R S
m,—Hi N JE R
1~ 10 i il N 19 8 %K

P B & 2T B B R 4 ~ 17 U ZRph
22 POZR T A RDGIE PR — & -1 ~ 1 B8
L, S K P00 — 2= 0 ~ 1 BB N, RS2
14 1% 128 PR B “logsig” (S BUXTHL ok ¥00) |, i th J2 10 %
% bR BRI tansig” (OBURN IE D) S #UAL i3 ek %50) , BP 1]
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25 B9 25 BB AU trainlm ( Levenberg — Marquardt )l 25
BRI o DR IR T2 B T s s 5 i 8 ) 4
APE BE, B DR R — 58 O30 TR v 8 B, B gk B
RMSECV {B it /MU 717 2580 o AR 30— SN, %
SE TN AL TR A T4k PR 22 43 SE R 3 ~ 25 SEHI N, B

RMSECV/%

(2) RMSECV 5220 S8 E AR & 2 1 BOR R

JER SBCE 4 ~ 17 YL N, RMSECY /9 5 fE 722 1k
THOL, WK 6a Fras. AT LA Y, B4R B 22 73 55 1 N
13 HEE &2 G 80 9 i, RMSECV B i i/, 4y
18. 1% ,BP-ANN 45 %1 (i F5 Il 7 RE fc (£ 1] 6b 2
BP-ANN # B AE B2 JOR A F /Y K (BT B 1 o

1001 R =0.77.E=12.51%
= - % 0.
g0} R075E,=14.36% . e
o -2
80r & .
& 70r £ - T - &
= 7 -
g 60r - @ @°g o ©° @
= 50 » Y ..M o
= - 5% ’
4r o o BT o B EAE
30f o - AR

20 30 40 50 60 70 80 90 100
SEMKAE/ %
(b) KA I AN

Kl 6 BP-ANN 527 i) T ] 45 5L
Fig. 6 Results of BP-ANN model

2.4 THz & BMER AL &

# 3 ZSELE: PCR PLSR ,BP-ANN 3 ' THz Ji¢
B K R R R PR AR, T DLA L AR LR
B4 BP-ANN ) B0 14 BE W] 246 T 2 PR K8 PCR AN
PLSR o HLJ5C PR AT LA sk AT D T R fi % -

®3 3MAEFUERAEIETERILER
Tab.3 Regression result comparison of K value for

three models

B 257 KIE4E T 4
5 R, Eo/% R, Ep/%
PCR 15 0.78 11.91 0.63 16. 78
PLSR 31 0.81 11.21 0.39 19. 99
BP-ANN 13 0.77 12.51 0.75 14.36

(1) FELRMERE Y v, PLSR 50 R A 10 45 5L 95 T
PCR FE Y f) F0 0 25 5 o ] fE A J5U [H 2, PLSR 45 7
TE R IE A 1Y AR UL B dd B vh o 22 425 T O B
S5 A5 WA S, 3 BORE IE A A i B 1 i 40
B, T A A T AE T A R R T P B BE T OB
TR

(2)AE L PE B B BP-ANN FU 25 R fe fb . w)
REMYJFUIR J2, K i i ATP 119 6 Fh SC HE#) & 2 1 e
HBRAE , X 267 7 ¥ B 3% 9 THz St il i 3%
SRR AR Lk ok &, T H A& 2> T B AE THz
Wb R A E A T AR PR AR RE 05 1
ey o R iR B UNE I RIS RE (R VR e 2
A BT L Y T R R 2 b 2 M R A 5

i 1 AP A T W] DL BE — 2 4 W, Ol 3 R g AL B
{9 22 7 56 B % £% 13 (BP-ANN £ B ) sl %% 15 (PCR
FERY) Sl 1Y, 22 00 B B ad /0 A o ORAR 2 IR
TR ) F5T 0 RE o

(3) AR Lk PE BB BP-ANN A7 3 — 4P 52 3% 1Y =5
] o AE dh S 52 2% , OB R LA R 4 TR i
e Bl R O B, T AT S Sk BB R B
TR BTt THz St 3% 1 52 0, A2 2% i 1) THz
JETE R BRI KA 5 B B R B R AR 8 BE, 5T
S A KRR THz S35 9 = A AR 4k o6 R , it
— e e TR B o

3 HRIE

KA ATR & SO #E, 7E 0.2 ~ 2 THz 5 Hl A
AR 4 8 N Y THz S6IE Ul , & — B i
1 SG -1 35 Ak B Ay T K502 R R T 45 A
TR A K (B, RLVEf 55 1A B i B 3 i 0 A Y
PCR \PLSR | BP-ANN [y Lt %5 i 5% 2 W1, A Lb 26
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