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Abstract: This study aimed to investigate the effects of static magnetic fields (MF) with different magnetic flux densities on
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the cleaning efficacy and quality of Pelophylax nigromaculatus meat during assisted washing. Using ice-water immersion
as the control group, experimental groups were treated with MF-assisted ice-water immersion at magnetic flux densities of
10, 20, 30, 40, and 50 mT. Parameters including moisture content, color values, pH, texture profile, centrifugal loss, fat con-
tent, protein content, muscle myoglobin content, total viable count (TVC), coliform bacteria, and water distribution were
analyzed. Results indicated that the 30 mT MF treatment yielded optimal comprehensive effects. Regarding cleaning
efficiency, blood removal efficiency significantly improved with increasing magnetic field intensity. The 30 mT group
showed a 40.9% reduction in redness (a” value) compared to pre-washing levels, significantly surpassing the control group
(11.0% reduction) and low-intensity groups (e.g., 36.0% reduction for 10 mT). However, the 50 mT group exhibited
reduced efficiency (36.8% a” value reduction). For quality attributes, the 30 mT group demonstrated a centrifugal loss of
10.85%, representing a 36.85% reduction compared to the control group (17.18%, P<0.05), and was significantly lower
than the 50 mT group (18.47%). Its textural properties were optimal (hardness: 56.21 gf, elasticity: 0.63), being 1.22-fold
and 1.28-fold higher than the control, respectively. In microbial safety, no group completely eliminated coliforms. For
sensory evaluation, the 30 mT group achieved the highest total score (42.8 points), significantly exceeding both the control
(30.8 points) and 50 mT groups (35.0 points). These findings demonstrate that 30 mT MF-assisted washing simultaneously
addresses three limitations of traditional ice-water immersion—Ilow blood removal efficiency, texture deterioration, and
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weak microbial control—providing an optimized process for efficient cleaning and quality enhancement of Pelophylax

nigromaculatus meat.
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Table 1 Sensory evaluation criteria of steamed Pelophylax
nigromaculatus meat
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Table 2 Color difference of Pelophylax nigromaculatus meat before and after treatment with different auxiliary cleaning methods

a2 PRAS VKRR MF10 MF20 MF30 MF40 MF50
- THVERT 53.3+0.87° 53.440.12° 53.3+0.87° 53.940.46° 52.8+0.35° 53.3+0.01°
HUEE 50.7+0.67° 56.6+1.42° 56.4+0.29° 56.3+1.12° 54.4+3.75% 57.1+3.40°
. THVERT 7.340.61° 7.5+0.12° 7.240.49° 6.6+0.84° 7.10.84° 6.8+0.76"
“ HUEE 6.5+1.99 4.8+0.20° 5.7+0.38® 3.9+0.81° 5.8+1.04® 4.3£0.35°
. THUEHT 19.2+0.40° 18.5+0.64° 18.5+0.31° 19.0+0.60° 19.0+0.45° 18.9+0.98°
b HBEE 15.342.34* 16.4+1.63" 16.442.17° 16.0+0.76" 16.6+0.50° 16.9+2.20°

T AN TR R AR B i 5 30 25 5 k25 (P<0.05), 3~K 7.
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Fig.2 pH of Pelophylax nigromaculatus meat after treatment
with different auxiliary cleaning methods
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Table 3 Texture of Pelophylax nigromaculatus meat after
treatment with different auxiliary cleaning methods

SUGA] AR (gf) ik HRBME (gD BCEME(gh)  mIEME

PKIKIR 46.1142.63% 0.49+0.03%¢ 18.09+2.69° 37.69+3.33° 0.26+0.01°*
MF10 49.64+3.11% 0.46+0.01°¢ 22.62+1.14" 45.44+3.60° 0.28+0.01™
MF20 52.49+2.10® 0.56+0.04"™ 28.21+1.65" 47.46+3.99° 0.30+0.01®
MF30 56.21£0.66" 0.63+0.10° 34.22+4.02° 46.82+3.65" 0.33+0.04
MF40  53.82:+4.93% 0.540.04™ 22.60+3.90% 41.75+4.26™ 0.27+0.02%
MF50 43.02+£1.10¢ 0.46+£0.01¢ 18.80+4.15° 37.99+3.15° 0.24+0.02%

2.5 EENEEA AT BRI R A E RSB
ANl Bl & v 7 =0T SR B R AR B 3R Al 439
FEMMEER BN (3R 4), RIS BAEA R AN [A] 2 B
=2 22 7 (P<0.05) , 188 5l B vkoK 12 il £ MF10~
MF40 B SR B R ) 7K 433 s 28 FokokKig i, 5
Yang 502 S BB g X vl LA AL 41 4 8 P R
SIS LAHE Z2 /K 851 —2, s
Joi FCH 2R (1 B & I st %22 5 (P>0.05), 5 Li
A3 FRgY LR35, 30 mT #54% (MF30) ZbFHZH 7k
Sy A= (78.28%), W /&y T-Vk/KiIZI4H (73.63%)
1 50 mT WEZH (73.16%) o XGRS RHH SOk
REIREE & — 8, H—UESE MF30 A0 BEAELERRL
PRS-l 7 T L. Beli & 5 7E 0.33%~0.38%
JE BN B, 54 IR A A B35 22 5 (P>0.05), KIY
HVE VeI RS | R NG s sl A AR . MR
HEIRETE 19.01%~19.25% 2 [a], 4bFH[a] 25 5 ok
i 0.24 NE 4 (P>0.05), EVEBE T ok Ar &
PR, X5 AT MF30 2008 | NHEM: R
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Table 4 Basic nutrient composition of Pelophylax nigromaculatus meat after treatment with different auxiliary cleaning methods

FAEFAT (%) VKK MF10 MF20 MF30 MF40 MF50
Kay 73.63+2.22¢ 74.74+0.52 74.64+1.19" 78.28+1.55° 76.01£2.62% 73.16+1.82°
i) 0.33+0.02° 0.36+0.08" 0.35+0.08° 0.38+0.07° 0.36+0.02° 0.350.04°
HHAG 19.2540.06" 19.01+0.02° 19.1120.03" 19.1940.06" 19.06:0.03" 19.15+0.04°

FHETHO LS R AL R, Wi A3 S Ehm R R
JB-7K AR B AE AR S ARk Mee T RER . (H
FHERRIIE, MF50 AR5 2 (73.16%) S HAE
JEARFERR (BEEE 43.02 gf) FIES.LH R 3 (18.47%) I
A I3, 50 mT 47y nl Bt 4 FE AR
THLPRAREK G54
2.6 HENEEARERERALERSE070
WA AR ML h G R B A, Hofr
FAFTEIE R E 2 20 A0 A S B B0 6 . i e 8 45 o B 4
PEPY, WA B A R AFERENLE A . A AL
AR PNELTE A, B4 A B ARRI ST ERRAE,
WAL TR A2 520, AL E A e 6, &
BRLT R ANEB A0, AEmigil B pese g, A
B F kKR HI4H, MF10., MF20., MF40 £H (4 i S L
IR & RN, SRR AR S LR S
BRAK . 33X n] RE PR N FEAN X IR ARV R B T,
Yt AT 35 A 00 S A SN S 31— 2 PRI E FH, ke
TR AENAT SR i S ERILLEE (A a5k, AR UL
LR S AR TS . TS R LAL A S R
B P SR IR OR, LA RIS, H AT AR &
4TI, TR S B AH X VKK IR A 2 T AE ¥ . MF30
ZH AN MF50 2H (9 56 SEUVLET 2] 1 3 = 3K 31 i g K OF,
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P SR Ot —2E A ARk, R NILT R & B TR
0T PR B IR A A, AR e e AR LT
T A A A B (0 T T HL ) B A SR 2T (003, BV B
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Fig.3 Myoglobin content of Pelophylax nigromaculatus meat
after treatment with different auxiliary cleaning methods
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Fig.4 Total colony counts of Pelophylax nigromaculatus meat
after treatment with different auxiliary cleaning methods
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Table 5 Coliform assay results of Pelophylax nigromaculatus
meat after treatment with different auxiliary cleaning methods

KIpW#e  WOKE  MF10 MF20 MF30 MF40  MF50
Rk + + + + + +

AR 2N AR DN 71 R N

2.9 HEENEGEA I ERERIK 5 2 BRI

AN 5 %8 By v 1 % B BRE e PR 7K 4343 AT 5 )
FAAEW 255 . 3R 6. &l 5 AT, WA AL PREH 1 45
GK L B R AR A S AR L kA #A, ok MF30 20
LEL K FU B i (7.44%+£0.05% ), S350 T kK2
ZH (6.82%+0.18% ) (P<0.05), FHHIE EREA A V] Rl
18 L5 T K 43 [ HES O F4 s 5 8 1 BT SRR

%6 AR AU HRS BB B9k 730 A

Table 6 Moisture partitioning of Pelophylax nigromaculatus

454, N Fas 67K A aE 1M, 5 Wang 25149 (1
FFEas IR —2. RN, YA 2 50 mT B, 45
B 7K HeAT SR 5 T AR (7.23%+0.01%), [ [ 7k
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IR WLET S 25 sk AN MR e e v, 3 s Gk W H i
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MF302H M 92.28%=+0.10%, Vi HHRE 74 oy —Fh i BY
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{4 [] Bt 435500 ) H 7K (0.27%+0.12% ) FIAS 55 i 5h
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Fig.5 T, inversion profiles of Pelophylax nigromaculatus meat
after treatment with different auxiliary cleaning methods
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s B D £, 8 IR AN J2 , S B0 A ] 422 52 JEAIR, (X h
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SR (n=10)
Table 7 Sensory evaluation results of Pelophylax

nigromaculatus meat after treatment with different
auxiliary cleaning methods (n=10)

meat after treatment with different auxiliary cleaning methods - B4y
B SEEKIHI(%) A WAIKIEEI(%)  HEK (%) A S 1 FERES Wk R

PKOKI 6.82+0.18° 93.03+0.17° 0.15+0.08° TOKIRML  6.3£1.9°  7.1£1.1°  5.6+1.8° 6.3+1.7° 5.5+1.1¢
MF10 7.20+0.02° 92.56+0.09° 0.24+0.06™ MF10  7.6£1.7° 7.4+1.6° 7.9+1.4% 7.7£1.5% 7.6+1.6™
MF20 7.30£0.04® 92.43+0.03" 0.27+0.02% MF20  7.9+1.5" 7.8+1.5" 8.3+0.6° 8.0+0.4" 7.941.4°
MF30 7.44+0.05° 92.28+0.10° 0.27+0.12® MF30  8.4+1.3* 8.6£04° 8.7+0.3" 8.5+0.8" 8.6+1.0°
MF40 7.35+0.02% 92.47+0.04° 0.18+0.04® MF40  7.5+1.6° 7.3+1.7° 7.8+1.5" 7.6£1.6™ 7.5+1.5%
MF50 7.23+0.01° 92.46+0.05° 0.31+0.05" MF50  7.7¢1.4" 5.5+1.8° 7.6£1.7" 7.2+1.5" 7.0+1.6™
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