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Application of low-field nuclear magnetic resonance 2D fingerprint
spectroscopy technology in rapid quality detection of pork floss products
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ABSTRACT: Objective To achieve the identification and rapid detection of commonly found types of meat floss on
the market via low-field nuclear magnetic resonance. Methods This study developed a low-field nuclear magnetic
resonance two-dimensional relaxation fingerprinting technique suitable for the rapid detection of meat floss product
types. Based on the colour discrepancy, different types of meat floss products can be distinguished. Results The
developed two-dimensional relaxation fingerprinting technique can quickly and non-destructively distinguish

between commonly available pork, chicken, beef, fish, and their mixed meat floss products.With the change in the
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proportion of different components in meat floss, the fingerprint spectrum shows a significant qualitative trend,

effectively reflecting the changes in the proportion of various meats in meat floss, which proves the accuracy of this

technology. Conclusion This research method can rapidly, non-destructively and accurately differentiate most

types of meat floss on the market, meeting the needs of the food industry and government testing institutions, making

it a promising new detection tool with great potential.

KEY WORDS: low-field nuclear magnetic resonance; meat floss product; nuclear magnetic resonance fingerprint

spectroscopy; food safety

il

0 5

o A R R SR TR SRR, R AR AR A
B R & R AR T, b 30 ARG T R R P
WK, BT, WS IEL TR R, S
SRBTRIR K, AR AR RE KR TR
FEREA MEE R TR 2 —, BAmAntigE h. |
LYNIORTY it SRy Y SN S I 1 B 004 ¢ - 7 - W E A
TR DA A b 28 5 S S A K PRI o 7 A R i ) 4%
B BT R B T (R R A LU B S —, i As
sl JOOREL X 58 8 D R ol i F B A i SO o A AT 1 A PR
F Rt s E Y S, KT R AR R B SRR A
il i B R A e SR PRI o TR VT K B ()R, H R A
MFBEAUFESFEMFREAR . GSEAR . AEFRSHEA .
a2 | AR 2 AR EC) . Horp O B L
A B ARG AR O o T b PR R )
W —FEIE, FERM AW EER I E T
(principal component analysis, PCR) 7 k475 14 %0y
FEAR RS, (R AA RS, I H A S =7 A —
TE PR . NS BARIRME A RAETH AT Rl N, ATRES
WA, BeAh, AT AR LT AN R i A
Y RIS W) R AT A BT AR AR, (HX SO fA i S
W%, WAEAR, WILHBELES S5 )7 k1T /i Bl 4
Bro XHFE5 R G0, H4E GB/T 23968—2022  [AIFA G i
WO Y A R A A BRI SE R . AR SRR
RTINS R, FIRE TR T BD BRI L R R K,
I BSMR IR A RS . Bk, A T RXT H a8 38 0 BRI A
R R S, T — il F PR A 0 A LA 531) PR s ) i 288
KO FTRAEERZ YL,

1% 3% A% 15 3L 3F (low  field-nuclear magnetic resonance,
LF-NMRM#SEUEH AR T AR BRI F R R Z —, I
F AR B AAS R FH, WD AR 2L 2L AR A1,
A T 1T A A R ot R R S0 ik v
A, [ 250 A S BN 1) 5t R (TL) AR ) 5t 75 (T2) 15 B Y
Y IAT S, INTIAR B S S A SR PR AE G 4 s i
T o A ILEAE T R W 5K 52 2748 S5 e I A%
HPR(GS, BRSO SRS IR AR AE . P 2o it 75 i e R

AT S R AL BAT = BE AR, A RO RE 0 E AR
fiE, FHF XAy HAM SRS o ZE B S, %R
B AE B A2 e A 2 i A I e
RAEE KA o g 2 20022 5 il P I 0 i 4 B0 R
W R H B T2 s s S R, e E
B8.5343- M1 773 (principal component analysis, PCA)X} £ ff
AN & R B O 18 LR AT X A R W . 1 M BAE A
FFE AR H' 0 7172 5t B A5 5500 & F it o s s
AR 5 400 M AR 3o e E 0 17 0 2 A 2 01280 R T
fd FH =4 LF-NMR $§ SUE% 4 A PR il A 28 047 PRk
G DU PR3] B BIF 5 A A 3 B DL A

A G TEIR R AE T AR bR A T 1 — 4
LF-NMR 58 S08H AT vk, IR H T R FAFISE K
AR 4000 RO I, S T R LA ()
TR . AP SRR AT RS, il
SEHEAR R R EAF XA, DU R S S0 TARRR ISR
I, FFAERZE R PG T i 2 4 A A 30z 1

1 RS

1.1 #R5RF

W8, R A AT R TFITS ORI . R L
TUTRYE IR B AR A BR A F])

1.2 UFE5E%

VTMR20-010V-1 1% 3% #% 4 3t 4 % [ 9% 37 38 B2
(0.5+0.05) T, J M4V 5B SR B A BRA 7], FPS20 5th
BASLHE RGN T ARG T1, T2 s Ll R ab B Fe s
TERE R A, IR AL S BT AR B A B2 |l ); ATX224
B RKFCRSBE 0.1 mg, H A H ).

1.3 SKWHE

FFRRRIEESD: BT g A 10 mm ZREEH, A
JEARZE 1 om &b, FE5r TS OISR G T30

WA T1 BRI I e SRAE S %% Pk &2 (inversion
recovery, IR) T4, SCHGSH SRR E: 13000 Hz, RAEESELC
1024, FIREC 41K, 90°Bk ik FE: 2.96 s, 180°HknjikvE:
4.80 ps, 195 333.333 kHz, ZEf5MTE]: 2's, SLEEIHAIANEL: 40,



240 B dn 2 4 R R I A 4R

%16 &

WA T2 S FR S & 3k SREEF ] (carr-purcell-
meiboom-gill, CPMG). SLISH: SRMWE: 13000 Hz, R
RESUB 1024, ZANUREC 4 1K, 90° Bk Bk 58 2.96 us, 180°
kol bk TE: 4.80 us, 1%5E: 333.333 kHz, Z1FmfHE: 2 s,
13 Al 0.2 ms, [813 %4 3000,

PRI St R 4 SO B R AR v SRR L IR S
TREE kA, SRIRSHC o ARFEI R, SIS
100, 150, 200, 250, 300, 400, 500 us, n fLFFHE WL, 52
B EL T 1~2500 Z i) 18 M, BP[3. 5. 10, 20. 40. 80.
100, 150, 200, 250, 300, 400, 500, 700, 900, 1200, 1500,
2500], 7, LR — e SRS H], & 100 pso A4 1260 Hz,
KA E: 1024, BANTREL 40 UK, 900k iplk FE: 2.8 s, 180°fk
MBkSE: 5.2 ps, #E5E: 100 kHz, ZEFRFIHE]: 2 s, ABFSE
XS 220 1 S G T T TR 8250 .

14 HIELIE

KF FPS20 sthiR48 40 R G0k R i 4R 80, R
Origin 2024 A 22 i) = 4k A bn R

FH AR AR R A ) s R ET feyn), H—fRIE R
JuTin)o

LA VU 25 A i 7 2 5t 75 B50He T 35 58 B 2B AR ST
PSS HINE foxp)s

HBHTE BRBON: frof(x,y) = 18.54-17.11x-6.667y+6.41x°+
4.15xy+0.3606)°—1.232x°~1.024x%y-0.08823x)°+0.04467)>+
0.1212x*+0.1138x*y+0.02533x%*°-0.0285 1xy°+0.003422y"*~
0.00484x°-0.004637x*—0.002608x**+0.001928x>°+0.001074x)*
+0.0000372)°

W L0 AR A 9 s B T £,(2,n) 5 225 il D
Srofx )R, BIRTZRAT AL o, S0 A FE 80 o

2 EREHR

2.1 E AR RIN—4 K NMR 5t iRhsk
ARBEFER T L H UL 4 SRR AR . AL, S
a ST

500 _ — SRR
58.582 — AL
400 | —JE R
— R
Z300f
B
juiz:g
o 200 L 121.083
Lz 126.795
100 |
90.773
oA\
0.1 1 10 100 1000 10000

HE]/ms

PSR IMFEAT T —2E T1 F1 T2 LE-NMR 374 ih 22 i
Ho SBERE ]I SR S A 1 R ATRUER H, X
4 FIPIRAI TR 2R AR AR AE — i 22 5, (FUREIR R3O
I, Gz XA . Bk, (UERESY T, T2 sl
2k, A AR MEDLE HL R ) E AR R RS RS . [HI,
A B TR T A R HL LA R X0 B 1y ik 400
X 4 FhAIR
22 ZHIRHUESII ST

R FEIRAE SOEF AR R B4 AR o, @il
VTR PR SR 5t T 48 SURE Ik v P 1 6 AR 22 B b iR A 7
AR, 38 1 45 o O b Ry VR ST ARV (R B 4
e . HIR, FRrDURE o5 X APR S 25 B R UE T E A,
A — RIHREGEE, IEor BT ASRIRE S48 205 B 2Z 0] i 22
5o TEARBUE IR, FESY 22 52l il B 25 SOk B

R T VRN 5 AT SR, AR ST AL i R
PEAT T, AR ST BB I T A P [l — B i 45 3 A
[ B bR AR il (BESG 1: 0.56 g3 BEfh 2: 3.26 g5 FEdh 3:
1.02 g), PRIERE —Z0W &, BMHEARIT3IRESR
LG, BATIRAE 9 B . WTIRTEAY 9 AR AL IRE
LSRG T M R ANE 2 BiR), FEGE— IR EE
T, AFBTRAEAS A1 SO RRE S RO A B — 3tk
R, RIS AR R SO0, B B B A
—E M AR

HKk, RIS & 2RI 25 R B, ARBFST
P T IR B E RAVFEA: U1 g b IAARE S, 43 B
fino.2, 0.4, 08, 1.0, 1.2, 1.5, 2.0 mL £ F/KIEH
£20.02 mL), Z3mLabBG B FhR i pe e b b AT
MAE o B 3 R T ANE f K BEREAR P SO FRIE & =25
Bezs i o B A mos, BEKHABUEN0.2~2.0 mL
XId), fREGERMESOETHIS, HEaia-#t
TEH AR AR, TE = AES B R, BlE S oA B

b A T2
80} s
70} 1112 e
60} .
2 50t
X
2 4o
o> 30+
'{1\11_1
20t
10
0 53.423
~10 ! ! L ! )
0.1 1 10 100 1000 10000

5 E] /ms

Hra 4 PR T1 R MZE; b, 4 Fhms 72 ikt 2.
K1 4 FPAMR T1 s 12 shig ik

Fig.l1 Tl and 72 relaxation curves for 4 kinds of meat floss



o512 9 225, S IR — 4 ds BOE R ARTE AR PRGN b i) 1 FHF Y 241
EEfL1 2500 2500 0.1 2500 0.1
= 0 s 0
8] =
4 200 -0.1 << 200 01K 000 01
o —0. 2 -02 ® -0.2
i 0.3 ' 03
—0 4 ~0.4 3 -0.4
00 200 300 500 100 200 300 500 200 300 500
SR E] 7 /ps SERA E] 7 /us ‘}ﬂf%ﬂ‘ﬂﬁlt Jus
FEh2 2500 .1 2500 2500 o1
:g 0
= 01%200 4”iﬁzoo -0l
® 200 0.2 JM —02 Jﬂlk( 02
] —0.3 1 0.3
—0.4 —0 4 ~0.4
100 200 300 500 100 200 300 500 100 200 300 500
T s St Al /us St Al /us
2500 2500 0 1 2500 01
BEER3 0
&
< 200 —0 1 % 200 4) 1 E 200 01
] 0.2 —0 2 Jma( 0.2
4 03 ‘JFEH -0.3
-0.4 ~0.4
100 200 300 100 200 300 500 100 200 300 500
‘:’Ti%f%ﬁﬂﬂrl/us LRI e /s SR [E) 7 /s
B2 KL RRE 2 RS 3 bR E0E

Fig.2 Relaxation fingerprint spectra of Sample 1, Sample 2, and Sample 3
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