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Table 1 Color changes of tilapia meat during superchilling storage

I3t ] /d Storage time

8 12 16

2% 7R E/ (V/m)

Color Electric field intensity 0 4
0 52.1640.93Ca 51.264-0.84BCa
i 600 52.164+0.93Aa 50.76+0.61Aa
k 1500 52.16+0.93Aa 51.684+1.20Aa
3000 52.1640.93Aa 52.3041.95Aa
0 00.00-£0.00Aa 02.214-0.34Bb
600 00.00£0.00Aa 02.2140.52Bb
AE 1500 00.00£0.00Aa 01.98+0.45Bab
3000 00.00=£0.00Aa 01.24+0.33Ba

50.59£1.15BCa
51.62+t1.16Aa
51.92£0.91Aa
52.1540.73Aa

02.9540.70BCh
02.93+0.21Cb
01.71£0.43Ba

01.514-0.55BCa

49.854+-1.48ABa
50.80£1.22Aa
51.16£0.47Aa
51.87+1.27Aa
03.484+0.97CDb
02.804-0.31Cab
02.094-0.26Ba
02.1740.29CDa

48.424-1.14Aa
50.31£1.10Aab
50.41+£1.08Ab
51.13+0.67Ab
04.230.50Db
03.154-0.14Ca
02.36+0.38Ba
02.284+0.47Da

T AR SRR R 22 5 .35 (P<<0.05) , /NG SR 30 A [R] I ) AS [ b BTR] ) P48, RS B 305 [l — Kb LA R et il ) EL 88 . Note: Dif-

ferent letters indicate significant difference (P<<0.05) , the lower case letter means the comparison between different treatments at the same

time, and the capital letter means the comparison between different time points in the same treating group.
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Fig.5 Changes of tilapia meat hardness
during superchilling storage
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Table 2 Changes in tilapia meat relative moisture content during superchilling storage
HIAMEL/(V/m) XSRS 1/ % IR I /d Storage time
Electric field Relative moisture
intensity content 0 4 8 12 16
P, 2.84+0.16CDa 2.26+0.10ABa 2.104+0.21Aa 3.0740.20Db 2.5740.18BCa
0 P, 96.97+0.36Ca 93.97+0.24Ba 94.08+0.30Ba 92.87+0.31Aa 92.44+0.41Aa
Py 0.20%+0.03Aa 3.77+0.15Bc 3.8240.16Bc 4.054+0.23Bb 4.9940.19Cc
P, 2.84+0.16Ca 2.06+0.12Aa 2.194+0.12ABa 2.18+0.14ABa 2.34+0.16Ba
600 P,, 96.97+0.36Da 94.79+0.23Cb 94.59+0.29BCa 93.65+0.26Ab 94.09+0.33ABb
P, 0.2040.03Aa 3.16+0.10Bb 3.23+0.15Bb 4.17+0.12Db 3.57+0.15Ch
P, 2.84+0.16Ca 3.1740.19Db 2.01+£0.13Aa 2.27+0.11ABa 2.347+0.14Ba
1500 P, 96.97+0.36Ca 95.22+0.31Ab 95.89+0.31Bb 95.27+0.21Ac 95.12+0.31Ac
Py, 0.2040.03Aa 1.6240.10Ba 2.10+0.14Ca 2.46+0.12Da 2.54+0.12Da
P, 2.8440.16Ca 3.0540.14Cb 2.16+0.11Aa 2.9140.13Cb 2.5240.12Ba
3000 P, 96.97+0.30Ca  95.24-£0.20ABb  95.59-£0.30Bb 94.80£0.20Ac  95.1820.33ABc
Py 0.2040.03Aa 1.724-0.12Ba 2.25+0.16Ca 2.30£0.13Ca 2.30+0.14Ca

1 Py FIREE G IR AIAHXS 5 1 5 Poy F7R AN Gy T Bl 7K B AR X 55 8 5 Poy 3 H /K BYAEXT & . Note: Py, indicates the relative moisture con-

tent of bound water; P,, indicates the relative moisture content of immobilized water; P,, indicates the relative moisture content of free water.
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Effects of low-frequency electric field with different intensities on
quality and water migration of tilapia fillets by partial freezing

CEN Xiaoxu', SUN Guangquan', YU Ming**, FENG Yaoze"**°,
CHEN Haigiang”,ZHU Ming"”, HAO Xinlong'

1.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China
2.Department of Food and Environmental Engineering , Yangjiang Polytechnic/
Guangdong Province Engineering and Technology Research Center of Food Low
Temperature Processing , Yangjiang 529566 , China;
3.Yangtze Delta Region Institute of Tsinghua University,Jiaxing 314006, China;
4. Ministry of Agriculture and Rural Affairs Key Laboratory of Aquaculture Facilities Engineering ,
Wuhan 430070, China;

S.Shenzhen Institute of Nutrition and Health , Huazhong Agricultural University,Shenzhen 518000, China;
6.Shenzhen Branch, Guangdong Laboratory for Lingnan Modern Agriculture, Genome Analysis Laborato-
ry of the Ministry of Agriculture/ Agricultural Genomics Institute in Shenzhen, Chinese Academy of Agricul-
tural Sciences, Shenzhen 518120, China

Abstract The low-frequency electric fields with intensity of 600 V/m, 1 500 V/m,and 3 000 V/m
were used to solve the problems of difficulty in maintaining the quality of freshwater fish during the tradi-
tional process of preservation with partial freezing. The indexes including the loss rate of drip, the capacity
of holding water, hardness, color, the content of total volatile basic nitrogen (TVB-N) , and the water mi-
gration of tilapia fillets preserved by partial freezing were measured to study the effects of electric field-as-
sisted partial freezing on the quality of fillets. The results showed that low-frequency electric field effectively
suppressed the loss rate of drip and maintained the capacity of holding water during the storage with partial
freezing, with greater intensity resulting in more significant effects. The loss rate of drip in samples treated
with 3 000 V/m electric field was significantly lower than that in the control group (P<<0.05) from the 4th
day, with significantly higher capacity of holding water (P<C0.05).Meanwhile , low-frequency electric field
inhibited the deterioration of color, decreased the hardness, increased the content of TVB-N, and extended
the shelf life of fillets. The increase in the content of TVB-N in the control group at 16th days was about
1.6-3.0 times that in the groups treated with low-frequency electric field. The results of low field-nuclear
magnetic resonance (LF-NMR) analysis showed that the water in tilapia fillets migrated from immobilized
water to free water as the time of storage prolonged.lLow-frequency electric fields suppressed water migra-
tion, and the higher the intensity of electric field , the more significant the effect.Especially, the low-frequen-
cy electric field with an intensity of 3 000 V/m had the best effect on maintaining the quality of tilapia fillets
under partial freezing.It is indicated that low-frequency electric field-assisted partial freezing is a feasible and
effective technique for preserving the quality of tilapia fillets.It will provide a new direction for the improve-
ment on the effect of preserving freshwater fish with partial freezing.
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