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Effect of UV sterilization on the quality of grass carp

meat during the chilling storage
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Abstract: Objective: The effect of UV sterilization on the texture
quality and flavor substances of the frozen grass carp meat was
studied, and the best UV irradiation time was determined.
Methods: The grass carp meat was pretreated with different UV
irradiation times (0, 30, 60, 90, 150 min) at 30 W of UV
radiation, then the quality parameters (apparent morphology,
total number of bacteria on the surface of fish, juice loss rate,
texture parameters, color, odor and sensory) and volatile
components of the fish meat during chilling storage (0, 3, 6,
9 d) were measured. Results: It showed that the longer the UV
irradiation time (0~150 min), the better the bacteria reduction
effect on the surface of fish, the lower the juice loss rate, and the
later the putrefaction smell appeared. However, it had little effect
on the texture, color of the fish, and the total bacteria during the
latter of chilling storage (6 ~9 d). In the detection of flavor
detected, mainly

substances, 90 volatile

aldehydes.,

components were

ketones, alcohols., esters, and acids. Octanal,

nonanal, hexanal, 2, 5-octadione, 1l-hexanol, and l-octen-3-

alcohol were the main volatile components after UV treatment. In
the later stage of cold storage, esters and acids were increased
gradually, which might be related to the formation of the
characteristic aroma of fish meat. Compared with the control
group, UV irradiation time of 90 min showed the best
comprehensive effect, and the quality was decreased with the
extension of irradiation time. Conclusion: UV sterilization
pretreatment can delay the deterioration of quality and the decline
of flavor of refrigerated grass carp meat in the early stage of
chilling storage but has little effect on the quality of grass carp

meat in the later stage of chilling storage.
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Effects of different UV irradiation time on smell sensory of refrigerated grass carp meat
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Table 1  Effects of different UV irradiation time on the
total number of microorganisms on the surface
of chilled grass carp meat
ELAVEE D] N B E/1g(CFU » g D)
A /min - 450 K B3R 56 K ERUPS
0 4.7540.04* 7.844+0.06* 9.7440.07 9.937+0.06
30 4.66+0.02" 6.9540.04> 9.80£0.08 9.8240.08
60 4.5840.05" 6.84+0.05" 10.04+0.10 9.9440.09

90 4.53£0.06° 6.38£0.03° 9.9440.11 10.0440.10
120 4.44+0.01¢  6.46+0.06° 9.904+0.07 9.9040.09
150 4.434+0.03¢  7.04+0.04> 9.69+0.09 9.96+0.11

T NG AN [ 7R R 81 B i 2 18] A 7 22 7 (P <C0.05) .

WK T RE S B H 45 R A bR 56 X 5 ) st
WFFEL5 R —5%. 60,90 min b3 4 A T 0 0 25 30 40 X 4
fi% .3 A B TA B (0~3,3~6,6~9 d) 1,60 min &b F
LGN, 90 min b FEA A9 557 A& AR A #
P, (HAE A R A B BCR KB REMET 3 d W,
90 min b ¥H4H 1Y £ A VH IR 2K 1L 60 min &b A Y AR
0.4% LA 4 R B 90 min KB TAL B, 45 I, 24
S5 A 3 e PR Y19 K B i I 2 (P <C0.05) , HLX 4
ATHAC0~6 )RR M4 ™ &,
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Figure 2 Effects of different UV irradiation time on the

loss rate of chilled grass carp meat juice
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Table 2 Effects of different UV irradiation time on meat texture of refrigerated grass carp meat

A R IS
i 4] /min fifi iF /N #%/mm N R/ m] e R /N [ER-K
0 5 458.91+603.18 0.5240.10 0.5240.10 3191.114£173.17 0.340.14
30 4 684.59+586.34 0.5340.09 0.45+0.08 2 296.71+£676.42 0.28+0.12
60 4 041.69+625.18 0.5340.07 0.49+0.07 2 135.79+126.52 0.29+0.11
90 3975.704252.87 0.48+0.13 0.49+0.06 1 983.27+329.36 0.320.07
120 6 803.94+224.61 0.5140.08 0.50£0.04 3 539.76+344.95 0.342£0.05
150 7 146.09+197.55 0.4740.16 0.514£0.12 3992.67+177.23 0.35+0.15
ARG 3R
A ] /min fifi i /N PP/ mm WM /m] R /N EF=R
0 6 093.08+138.37 0.6240.15 0.4940.07 3098.39+271.71 0.274+0.06
30 4 402.214227.08 0.6240.17 0.58+0.03 2 681.474198.48 0.33+0.06
60 6 149.23+471.29 0.63+0.14 0.53+0.03 3 349.16+439.25 0.33+0.06
90 6 149.17+594.28 0.62+0.14 0.59+0.04 3924.91+410.94 0.38+0.17
120 4 065.474306.37 0.63+0.11 0.51+0.10 2 106.29+219.89 0.28+0.11
150 2 857.55+411.83 0.63+0.14 0.53+0.05 1555.84+51.21 0.26+0.07
E LN %6 K
i 7]/ min fifi i /N #P%/mm N RPE/m] R /N o] 42 1
0 1 847.47+20.26 0.35+0.01 0.48+0.07 918.85+137.99 0.28+0.11
30 4371.86+641.45  0.3740.02 0.51£0.05 2 300.53+272.76 0.3270.07
60 1 535.08+38.23 0.30+0.03 0.50+0.05 764.85+133.40 0.260.02
90 3 141.53+29.83 0.34+0.05 0.51£0.02 1 607.59+335.41 0.30£0.02
120 576.63+13.88 0.3240.05 0.48+0.06 280.64+65.12 0.192£0.05
150 3 740.58+£204.09  0.3940.05 0.50+0.03 1 838.07+164.15 0.29+0.03
A R H9XR
i 4] /min fifi i /N #f/mm AR/ m] R /N A1 42 1t
0 1334.024+987.91 0.6740.01 0.574£0.08 752.93+152.26 0.25+0.15
30 563.99+175.93 0.6740.01 0.5740.02 325.54+87.97 0.184+0.03
60 1670.924+947.49 0.7040.03 0.5940.04 1050.14+153.10 0.25+0.16
90 3170.374328.49 0.68+0.01 0.5740.04 1904.71+188.07 0.33+0.16
120 2 380.114917.45 0.69+0.06 0.5740.04 1411.634+142.26 0.302£0.08
150 1917.424-548.42 0.6840.01 0.5840.01 1 151.574£107.86 0.26+0.18
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Table 3 Effects of different UV irradiation time on color difference of chilled grass carp meat
E LR L a’
W /min - 450 K B3R 56K ESOPS EUPS EHREIPS %6 K ESIPS
0 29.58+2.64 29.804+1.76*> 30.5242.71* 23.8742.67 0.33+0.04 0.9540.17¢  0.06+0.33" 2.75+0.72
30 28.07+2.35 33.95+2.81* 30.07+2.21* 21.88+3.11 0.27+0.10 2.6240.29" 1.52+0.14" 2.06+0.77
60 30.3545.65 33.9546.81* 27.7442,08> 25.3742.73 0.16+0.10 2.32£0.51"  1.23+0.59" 1.9340.62
90 27.634+1.71 32.6243.86* 25.384+1.59> 23.554-2.89 0.24+0.08 2.64+0.45* 1.9340.45" 2.69+1.01
LN b
FIE/min - 40 K %3 K %6 K LIPS
0 1.9040.20* 2.73+0.95% 1.63+0.59" 1.29+0.41°
30 0.9840.19%  2.0540.94*> 1.0040.19" 4,9340.45%
60 2.03+£0.75*  0.19+0.10> 0.5040.09*  4.09+1.19*
90 0.1840.09%>  2.1340.94*> 3,554 1.44* 4,8840.88*

T NG TR R R R R 80 B 2 (8] A7 A 3 2% 5 (P<<0.05)

b HIEH 22 5 (P >>0.05) . {H [ & ¥ i 18] /9 42 K, 4%
) L H TR, B o 2 5 AR  lER 9 K,
Bras 2 o HFEAR AN, 2540 b 320 (9 34 T . 18 e 5
3R M o (HITFE AR 58 51 Ak PR AL 1 1 W Lb 28 (A Y
1 AR 6 KA o " HY TR FE L AH T BRI B 5 IR
TR, LM EETE AR L R B —
FE B R TR B AR T L (UK [R) 48 A1 B8 S 1 ] O R X
B I R R, W] RE R SR SR R R B, AT
GEOT L B, 48 h K A R] 52 A BG4 R BRI (A IR
2.6 RHEENELENEDFRNTL

0 PR R A T T A R S 2 L 2
KBRS R S — ey B AL A W AF S AN [R] ¥ 6 e)
e PRI T IRUBR A O [l pR R 4 T AL, v
Fi i A A 90 R & T LAY, B O S LN 2 L BE
ESN By BN

T 255 4y JO 2 0 PR A 0 A i I S A R AR TR AR 1
TR L R AR R K S RUBR BT RR AR R, BE S Stk
14 R Hoh  ERE R A K R EF AT B TR A A
PR R ER 2 0 R Y AL T s O B A T R L e
R B RBR AR R AR, AN A T R TE R
O 2 T RS A AN KR TN R, HAER
WS 3 RIAFIK Al 5.38 % il , S A dme
BB LT m T RN A B AR 9 RT
W, JE L WA 8 T N, o P R B A

210G W 52 B 7 A AR Y 2 7= 1y, 32 %2 1R BB D5 40 i R
SR A BT A RV 1) BRI R S R . 2
BRI BRI v o 0 1 PR A KUK BT AR A R T 2R I
WA SR 12 Bl H 2,5-¢ TS R L. 2.5-
S U 2 B A NS B B R, v R R], 2s LA 2,
53¢ R AR E 4 LA B T T S A A B, T RE A

AT — R RR B AT A o0 BR 5 04 431

S b G I A0 it 7 A s — PR AR A A T S L
R AR 5 FL AR 0 R ) (S I 4 e, T A HE X
PR KUK R R R . B2 5 ik o TR & P
I 60 %0 LA L, ek Hy 16 B, v R) , B SS9 o 1) 4 i S
Rl BB VA 9 K, 25 4L 90 min 4 B 21 A4 S
Wy A A B AR T 60.95%.76.90% . Horpr, 1-CL BE AN
- Ji-3-BE MY B R 2 HRR IR IR K (HL 1-C B AR R EE
BB, %o £ PR AU BT R /N 5 12 9 -3- T L B o
RMFEFLREY, B 9 K. 25 4. 90 min 4b B4 (Y
12643 B A R EL S S 0 KM F I T 9.64%4,14.46%
90 min 4b IR T FEAS B 2, T RE S 48 41 TR A B ) 4L 42
R R (HR R AN B T R R R B8,

SRR TR R e g b Ak 7 R, RO AR
FABEMFERE. 90 min kbR HEE 9 K3 Pk IR
AR 4 e & BRI, T RE 2 v S 1, A P9 P ) AR
1% S AL 24 i TR IR T B, D7 A Ak A W ROk I B A R
o3 B D AR RS A AR AR L X R PR XU R
HE—E R,

Tis 25 Ak A 9 — M el R R I 4 B 1T, R TR O R AE A
MR AR PR, BRISILAG 21 i, L BE & ¥ A [A] Y ZE
KB R R 2SR S B W £ R R 9 KL=
FIZ1. 90 min Zb # 41 A BR 251k & 9 & & 4 3188 m T
51.50%0+66.07 % » Ui B % S b B — 5 B JE - W] LA okl £
PR R AE A R 1 =4

TR 2 T AR 1 7 00 o TR I ) T IR (L o 2 IR X
TR TTERE DN, BRISILR 12 Fp, 8 R IEZ
B+ R PR RN IE N R . BE B A R TR A FE G,
W 2538 e VW 5 A 4 % 1G] B 5 R 01 9E A A IR 36
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Table 4 Effects of UV irradiation time on flavor compounds of chilled grass carp meat %
25 141 90 min 4L B2
g L&Y - - - - - - - -
ETUPS #3 R %6 K EDS #oR #3 KR %6 K ETIPS
W 3-FIETRE nd 0.59+0.12 nd nd nd 0.31+0.02 nd nd
L 0.94+1.04  9.56+2.66 10.05+1.29  0.35+0.34 0.78+0.17 3.81+0.71 4.66+1.70 nd
PR nd 0.624+0.26  1.01+0.37 nd nd 0.63+0.11 nd nd
FE 0.5040.32  1.684+0.78  0.89-0.36 nd 0.2940.25  0.874+0.07  0.8040.43 nd
(Z)-2-BEE nd 0.714£0.09  0.3740.13 nd nd 0.9640.01  0.6240.40 nd
T 4.35+3.53  5.38+1.70  3.2940.49  0.18+0.10 4.69+0.71 3.414+1.03 1.77+0.81 nd
5- IR - 1M nd 0.46-£0.05  0.7540.21 nd 0.7440.02  0.6040.04 0.6540.26 nd
(E)-2-2F )i nd nd 1.0740.22 nd 0.89-0.38 nd 0.710.25 nd
L nd 0.1740.16 nd nd nd nd nd nd
(E)-2-T-Jfis 0.4740.14  0.3540.08 nd nd nd 0.3840.07 nd nd
(E)-2-Z8 e 0.16+0.12 nd nd nd nd nd nd nd
(E, E)-2, 4% — ; ;
o 0.1740.02  0.194:0.01 nd nd 0.2740.06  0.2340.03  0.1340.09 nd
+HEE nd nd nd nd 0.20-+0.09 nd nd nd
RVaY3 0.0940.07  0.2970.04 nd nd nd 0.50+0.20 nd nd
/N 6.685.22 20.00£5.95 17.4343.07 0.531+0.44 7.864+1.68 11.70+2.11 9.34+3.94  0.0040.00
[LTES AT nd. nd nd 0.1640.00 nd nd nd nd
2,3- 1% nd 0.097+0.01 nd nd nd nd nd nd
2- R nd nd 1.0740.23  1.00+0.01 nd 1.11+0.36 nd 0.76+0.21
3-3- 0.2940.16  0.954+0.17  4.104+0.39  2.21+0.01 nd 0.7840.13 nd nd
2,5-3 5.86+3.23  3.9240.28  3.85+4.70 nd 5.16+0.89  3.5040.11 nd nd
2-T- nd nd 0.1440.05  0.4240.00 nd 0.6040.05 nd nd
(E.E)-3,5-% _ fs-
o T nd nd nd nd nd 0.3240.09 nd nd
TEA5 R HE-2(3H)-
S 0.0940.02 nd nd nd 0.1240.01 nd nd nd
2-F—hE nd nd nd nd nd nd nd 0.3840.16
Nt 6.24+3.41  4.9640.46  9.16+537  3.7940.02 5.28+0.90 6.3140.74 0.52£0.08  2.51+0.85
P B nd nd nd nd 0.7240.78  1.384+0.28  1.01£0.72 nd
1- T nd nd nd nd nd 0.10£0.09 nd nd
3-HIEE-1-T nd nd nd 1.1740.52 nd nd nd 0.52+0.10
1- e M-3-1 nd nd nd nd nd 0.41+0.04 nd nd
1- 8 P 2.8741.08 1.4540.01 10.84+1.35 10.24+1.95 2.62+0.13 1.7430.45 1.30£0.02 nd
-2 nd 38.2847.11 14.7942.68  1.2640.12 42.42+2.26 21.9942.49 10.8470.65 0.4470.12
1-J5-3- B 27.8840.21 33.684-0.52 nd 18.2440.58 20.4940.04 30.7840.29 24.5640.42  6.034-8.38
1- B nd nd nd nd nd 3.61£0.06 nd nd
1 5.0740.03  2.98+0.22  1.06+0.21  0.1740.02 7.354+0.21 4.52+0.18 1.27+0.39 nd
(E)-2-2FH5-1-B 0.6140.05  0.24+0.27  6.23+0.81  1.36+0.34 1.2040.12 0.744+0.17 1.06+0.11  0.3840.01
2, 7- -1 nd nd 0.384+0.14 nd nd nd nd nd
1-TF- B 7.7540.55  2.9240.78  0.2740.11  0.13+0.06 9.534+0.03 4.88+0.23  0.68+0.21 nd
(2)-3-TH-1-1 1.3140.27  0.4940.03 nd nd nd 0.84740.04 nd nd
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k4
ZEHH 90 min ZbFRZH
iz & - - - - - - - -
EPN ERPN %6 K EXPN ENPN ERDN %6 K EDN
B M B nd 0.36£0.17 nd 0.1140.03 nd 0.2740.08 nd 0.06£0.07
I R nd 0.102£0.01 nd nd nd 0.1120.00 nd nd
S T nd nd nd nd nd nd 1.074+0.16 nd
/N 83.7749.30 42.2242.01 33.19%15.76 22.8241.81 84.333.57 71.364-4.40 42.15+2.74 7.43+8.68
[k S ot 1.2740.09 nd nd nd 0.910.24 nd nd nd
+ ke 0.2240.00  0.1140.03  0.24740.02 0.21£0.12 nd 0.180.01  0.160.03
RVaY 0.2240.02  0.1040.01  0.1140.02  0.0640.02  0.1470.03 0.0640.00 0.0940.03  0.1970.01
Tk nd 0.924+0.08  1.63+0.15  0.860.07 nd 0.76+0.04 1.14+0.09  1.38=0.51
1-+—4 nd nd nd nd nd nd 0.62-£0.27 nd
D-HrEN nd nd nd 1.6940.55 nd 0.3840.11 nd nd
3,5,5- = H #-2- nd nd nd nd nd nd nd 0.8640.02
/i 1.71+0.11  1.134+0.12  1.98+0.19  2.614+0.64  1.26-0.39 1.20+0.15 2.03+0.40 2.59+0.57
FEH AR nd nd nd 0.4340.30 nd nd nd 0.144-0.02
oY 13T HIER nd nd nd 0.940.60 nd nd nd nd
KM nd nd 1.7840.46 nd nd nd 2.0720.60 nd
A nd 0.35220.07 nd nd nd 0.1740.06  0.2840.10 nd
- R nd 0.65+0.15 nd nd 0.734+0.08 0.73£0.14  0.19=+0.10 nd
4TI nd nd nd nd 0.10£0.01  0.1740.04 nd nd
7% nd nd nd nd 0.060.02 nd 0.020.00 nd
W nd nd nd 0.19740.05 nd nd 0.13£0.02  0.1970.02
T nd 22.3943.39 nd 14.73+1.02 nd nd nd 12.542.12
IS nd nd nd nd nd nd nd 0.13£0.02
AN 0.000.00 23.3943.61  1.7840.46 16.2941.97  0.890.11 1.0740.24  2.69+0.82 13.00£2.18
wem o 2ok 0.242-0.27  0.292-0.10 nd nd nd 0.29740.12 nd nd
Mk ZMRTER nd nd nd nd nd nd nd 0.16-0.03
RO g nd nd nd nd 0.2540.16 nd nd nd
TR T nd 0.19+0.13 nd nd nd 1.360.17 15.61+3.36 12.4048.17
TR LB nd nd 1.32£0.39  3.68+1.51 nd nd 0.88+0.18 nd
TR nd nd 2.2840.38  0.7240.04 nd nd nd 1.29+0.17
TR g nd nd nd nd nd nd nd 0.094-0.06
FRETMROIR nd nd nd 0.34+0.01 nd nd nd 0.16+0.02
- TR e nd nd 2.014+0.47  4.8840.30 nd nd nd 4.1570.29
3-MIET MR e nd nd 5.5941.46 13.174-0.40 nd nd 3.314-0.96 13.44-1.09
2- I T BRI e nd nd nd 0.5470.09 nd nd nd 0.2240.06
3-HIE T MR e nd nd 0.227£0.15  1.1940.04 nd nd nd 0.54+0.10
(E)-2-C MR T P nd nd nd 0.2540.06 nd nd nd 0.18£0.06
(D)-2- TR W nd nd 5.334+0.70 13.6941.10 nd nd 3.204+0.74  6.437+0.68
2-CARR LT nd nd 3.7940.58  7.8840.84 nd nd nd 8.66+2.20
C MR nd 0.45+0.24  7.43%+1.10 4.43+1.31 nd 1.2040.35 11.5541.20 16.3844.93
RN Bis nd nd nd 0.1840.08 nd nd nd nd
EC R bR nd nd nd 0.1840.10 nd 0.23+0.03 nd nd
SRR B nd nd nd 0.0340.02 nd nd 0.36+0.03  0.66=0.32
FRLBE nd 0.034+0.01  0.63+0.07  0.34=0.03 nd 0.11+0.02  2.15+0.12  2.46=+1.23
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4k 4
ZEHAH 90 min 4ZbHZ
i ity pr— pr— po o p— PP P o
EAUPN EEPN EAPN 9K EAUPN EEPN EAPN EPN
[iEES 241K i nd nd nd nd nd nd nd 0.20+0.13
+ R Bk nd nd nd nd 0.12+0.02 nd nd nd
Nt 0.002£0.00  0.6720.38 28.60=5.30 51.50425.93 0.3720.18  2.900.57 37.064-6.59 67.424-12.93
R¥  Cm 0.13+0.06  0.0840.05  0.3140.07 nd nd nd 0.1940.05 nd
FR nd nd 0.2020.04 nd nd nd 0.1040.02  0.030.01
R 0.08+0.02 nd nd nd nd nd nd nd
EZ$R 0.0240.00  0.1040.01  0.41£0.09  0.12+0.06 nd 0.06+0.02  0.24+0.06 0.06--0.03
+=m nd 1.4240.03  4.2040.80  1.8720.99 nd 1.04740.27  3.7040.31 2.502-0.55
+ g 0.0840.03  0.7320.10  0.8540.04  0.43%0.17  0.03£0.02  0.610.14  0.61420.37 0.49740.05
RVaYi/d 1.04£0.40  3.29+0.83  1.82+0.47 nd nd 2.7040.92  1.134+0.11 0.87+0.00
RWAN nd 0.320.02 nd nd nd 0.1540.14 nd nd
9-+ /R nd nd 0.07+0.01  0.03+0.01 nd nd nd nd
M-13-+ )\ IR nd 1.17+0.72 nd nd nd 0.61+0.11 nd nd
DIAN nd 0.040.01 nd nd nd nd nd nd
T AR R nd nd nd nd nd nd 0.2040.01  0.14-0.03
/Nt 1.3540.51 715177  7.8641.52 2.45+1.23 0.03£0.02 5.1741.60 6.1740.93 4.0970.67
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3 e
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JELAS I T AG 5 . 78 PR B fn PR op R RS 90 B K T
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