132

FOOD & MACHINERY

DOI:10.13652/.spjx.1003.5788.2022.80227

E0EE 1M AE 28 1202351 A | RAESHIM

[ X495 ] 1003-5788(2023)01-0132-07

= & 77 T\ 8 & AL /W dn 5T Y 7 0

The effect of slaughtering methods on the muscle quality of eels
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Abstract: Objective: This study aimed to investigate the effect of
slaughtering methods on the muscle quality of eels. Methods:
Two slaughtering methods (including mechanical slaughter and
manual slaughter) were used to analyze the energy metabolism
and physicochemical properties of eel meat slices during storage.
Results: Duringstorage at 4 °C for 48 h, the glycogent and lactic
acid content of eelfillets subjected to mechanical slaughter were
lower than those of manual slaughtered samples generally. During

7 d-storage, the sensory deterioration of eel meat samples was
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retarded by mechanical slaughter, and the TVB-N and TBARS
content were lower than those of manual slaughtered samples,
while the water holding capacity was higher than that of manual
slaughtered samples. Conclusion: Mechanical slaughter is
beneficial to maintaining the muscle quality of eels compared to
manual slaughter.

Keywords: mechanical slaughter; manual slaughter; eel muscle;

energy metabolism; physicochemical properties
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Figure 1 Eel automatic slaughtering machine
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obtained by different slaughtering methods

during storage

01 2 3 4 5 6 7
I 5% Fisf 1)
Time/d

NG SR 7 R 22 5 8% (P<<0.05)

B4 RRE RS KT 66 R A R
pH 1a 45 & 4t
Figure 4 Changes in pH values of eel muscles obtained by

different slaughtering methods during storage

AR 7 R/ BN 6.53 Fil 6.84, BEM A ERE RN
P 2R T SRR R L B — b B U I G i o R R
0T LAl pH WS T i B A TR A (R A K A D A e R
FLAR B AR S MR ME 4 0, pH T KL DT B R B PR S L S
T A T T g A R — 3
2.4 BEBHE(TVC)

Hy &L 5 AT T A ], ML AR S % RN T 5 A Y i
R % BB (TVO A BEE2ZF(P<0.5) ., NL%ER
FOHL M S RS 0 KA TVC 4 5l R 3.85,
4.70 1g(CFU/) , W AT (0~3 d) A T.58 2 FHLAR 5 4%
B TVC b B2 IPREEs 5 KB & AR b, I gk
BT OR, NI S A MBS A8 TVC 43 414 6.49,
5.12 1g(CFU/g) » N TR Bt L TVC Mt T
K= AT B BR . R SN A TR
B A S T 2 3 A BRI £ p L F 7R U 8 AT 99 s o T
TR THAEWERK. 5 TVC 45 £ 48—,
Zx b, N S22 T =0 R T 8 £ 0 S 0 D6, T AL A 5 A%
J5 AT R AE K 5 £ 1) IF 5



F&M | Vol.39, No.1

3r
T 6]
o
®
S
£ 2r
0
I g s ]
Time/d

INE RN RN LN 25 57 0 3 (P <0.05) 5 » Rongl ] 25 5 i
#(P<C0.05)

B5 RREEFFXTESIALERSE TVC 89 £ 4
Figure 5 Changes in TVC of eel muscles obtained by

different slaughtering methods during storage

2.5 BHIA

A 6 AL, R [ S Ry 2 A B 5 £ T D) o AR I
A 3 KT W, 2 Ji B A5 T J T IA) (49 28 K, BY 1) ) 1 3
T, T e R B A TR (R A 48 K, A P A7 B N TR R £ AR
YIVEFR . S BUVLER 4t B (RN L3R B ) R A 1 468 £ L T
B JUL B R/, T L1 K B 5 ) B S T A OG T
BBy TR B U A R S B e, T Y S B AT 4
R LI R 50 A R AR, UL K B G i, 55 U0 ) o
It 5T g — 3,
2.6 TVBN&E

H & 7 AT, R [ 52 % O AL B Y 6 £ TVB-N % &
TEW R 7 d NE A, B <20 mg/100 g, BRI
7 KA, N T RGN TVB-N & 38 FHUW S &
B . TVB-N 7t B 7 s (] (9 2 4 384 0, 2 o F 78 1%
AR PR R B A0 7 AR S R M B A
A3 TVB-N & i 3 it , 5 8000 3 200 1 2456 — 5.
25 b, Bl A T B I Y HE K ) B O AR T R AL
B S A AT A T AE S 1 (5 ) e o 3 s 46 8

207
AN R
15 DOATLFER .
= :
£ b
R £ ab
432?@
7
51
0
5
b 5% Fisf [
Time/d

NG PN R R 22 5 3 (P <C0.05)

B 6 KRR FERHXTEE MR E B E
Wn g L AL
Figure 6  Changes in shearing force of eel muscles

obtained by different slaughtering methods

during storage

HmRAE ERATRAEE Y RRN

200 adlbgsE &

A OANT%R b ‘71
= E 157 ]
il
Fe 100
#He
s
%m S5t

2

0
3 7
I i B 1)
Time/d

INE RN RN AN 2 5 B E (P<T0.05); » KR4l 2 7 W
£ (P<C0.05)

B 7 FREFEFRHXTEENRN EEB LR
TVB-N # & 4t
Figure 7 Changes in TVB-N values of eel muscles

obtained by different slaughtering methods

during storage

2.7 BB ZE(TBARS) &2

TBARS & AL B F 17— (MDA & 1™,
(&l 8 W, B A T 96 of I 7 S A, AN [) 5% 2% O =X A 3L 0 i
fi MDA &t 2 gh I BRIVEEE 5 RIEE &4,
MU 52 2% 1 5 £ MDA 7 s 398 F AN T 82 500, R BT HLAR
SE R B A0 R T 14 i U5 A AL R B A A T RE AR R LA
MDA fH%E e R ARG A B HEH T e 28 Bl )5
TRETT RE 2 LA P R A R, — R R AR
—SH #F— RN, N & m TR, JF8 3 T g2
Fh 8 43 S Ak B B 5 A 7 A AR E A T 5 R S A
SR —,
2.8 fF

B 1 al L LM SE AN TS R @A L {5
a BTE 4 CIH 0~5 d If 5 TR, MM 7 K
TS MR E IS, L T UL R
& 0 F R ] Y 48 K B £ UL PRI O R BE R A L T AR

10 000
=S
{0 80001
s
i 6000
1.
EE 4000
£
é 2 0004
= ;
0 ‘ ‘ ‘ ‘ s ‘ ‘
0 1 2 3 4 5 6 7
G Hi 1]
Time/d
NG F BN R KR 22 5 B (P<C0.05)
B8 KRR RN T &K E LR E
MDA 14 45 & 4t
Figure 8 Changes in MDA content of eel muscles

obtained by different slaughtering methods

during storage

135



136

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

BEoss #2023 F 1 B | RSN

1 AAEFAATHENNETLRBEANEGETK
Table 1 Changes in chromaticity of eel muscles obtained by different slaughtering methods during storage
5 P U 2 NTSER
& /d L a* b* AE L* a* b* AE

0 40.5443.32¢  5.9540.34¢  4.74+0.21*" 41.1142.29° 6.0940.49¢ 3.76+0.10*"

1 39.6942.39¢ 5.144-0.41¢* 5.0540.46"* 1.6440.46° 39.65+3.07" 6.994-0.314* 9.98+0.55¢  6.3240.82°
3 38.3941.19%* 4,0540.38">* 6.1740.38* 3.30+0.46" 36.3741.25%* 5.3740.60"*  8.2940.61"*  6.43+1.16*
5 35.96+1.80*" 4.30+0.82>" 5.3541.49>" 5.2640.36¢ 36.47+2.07*"  4.214+0.49** 10.67+1.87¢*  8.49+0.34"
7 37.44£0.82" 2.81+0.07** 7.8340.06¢" 5.38+0.25¢ 40.0840.38"" 5.78£0.08" 11.1441.009*  7.81+0.44%

T NG TR R RS 4 N 22 5 W (P<C0.05) 5 * Fon 21 ] 22 5 W # (P<<0.05) .

a " HTFBEMRERRRAMM™ETRKEREAHRLE HO0, &
— S A CINTR ) L LALE (P  Fe™ &AL,
IR E RS, o7 HNAR L 5 ULLLE B & A X, Dai
SECUIA N LA 28 1Y SR SR S B A I (05 45 7R I T B R
W, NTRRBEEM L o M bo° R T LM E &
1 2R W HLAR 5 25 A R T DR 4 B £ R 0 ) 805

TP 08403 i) 5 N T 5 2% Ak 1 86 £ L PR FEE O 1
JE AR A T MR AL (P <C0.01) , M HLAN 52 5% (1 % 44
JUL PR A AR AR 35 /N TN S R Y Ul B AL 52 % O U
A )T P4 8 0 A Y B0
2.9 ¥KkA

e &9 AT, B A I T A A K, R [R5 4% O S Ak
P 1 fits 11 RE K g 232 T B IR L ML S R A L 0 B R K
HAENH 0~7 d B398 T AN TS /A H W . P P 3,
R i A, AT SRAREANRFKOT
R o WUAR S22 7 20 Ah 3 Y 66 f0 2L R & 3R, T RE TR A
FIFEREFAK S . 5 E BB (45 AR,
2.10 KkHHHw

H &1 10 BT, N T S 2% R AT S 2% Ak 38 1 85 £ T 0
W3 P ARRRAS B K 53 43 5 AN B R Bl oK (T 0 K
(T B TR ] 2B, P9 D 52 % 7 =X 4 30 179 6
T o T FR N TR] 35 1) 45 8% o R BT LIA A 90K 43 28 i LT
AR B, RS Bk 5 53 A RS A e A
W, R AKX 5 RESET WS~ h

%
100} cﬁ
7R
b
751
RE
.{, (&)
I 50}
£
251
0 .
0
I 5 HF i)
Time/d

INEFREANR R RGN 2R B E (P<<0.05); » RondlM 25 0
& (P<<0.05)

B9 KRR KT8 &R E R E
BFRAG TR
Figure 9 Changes in WHC of eel muscles obtained by

different slaughtering methods during storage

T2 ML WL E R BE@AY Py B N TR
P  ZoR AT ERGHE A [ RKETREES, K
IIWEEKR 5 Zhang S L5 B2,
2.11 MRI Bi#

H L 11 AT B0 fif A Y rp Y AR 25 A K R B RS R
JI DA AR 0 . P RE AT (0~ 3 ), A T 58 R i 0 K ) O
I B0 s, T AL 52 2% Ak 3 19 8 0 B 5L D R [
15 m 15+ 22 BN T 52 20 RF 09 7K 40 3% B B2 B8 o L O ) fi i
01 JJL P K 23 2 L FL S A% Ak T 5 £ il 40 4 b 4 1R UK

300(
250
oy 2000
=
B2 1500
o EQ
L2 100
50+
0
1 10 100 1000 10000

il 4[]

Relaxation time/ms

(b) ANTS5R

B10 FARAFFFATEHEER FRGBEEFENE T, HE

300
250
- 0d
200
% < - 1d
s 1500 —.—
F[‘I‘ =} 150 3d
&2 oot —— 5d
—— 7d
50
0
1 10 100 1 000 10 000
it 74 B ]
Relaxation time/ms
(a) BUARSEA
Figure 10

Transverse relaxation time T, spectrum of water in eel meat obtained from different slaughtering methods



F&M | Vol.39, No.1

HmRAE ERATRAEE Y RRN

®2 AEERFRTHAPNELHHEEAHASEE

Table 2 Changes in ¢ water content of eel muscles obtained by different slaughtering methods during storage

PN 'J!”:a&"ﬁﬂ‘ I 1 I 2
] /d T2 /ms Pou/% Tss/ms P2/%
0 47.60943.74% 99.26440.87 339.686+22.87"" 0.853+0.89"
1 49.770240.00%" 99.4014-0.76 " 613.5914-0.00¢" 0.337+£0.01%"
B 5% 4 3 51.53444.75¢ 99.63840.47 231.01340.00*" 1.86840.00"
5 48.150743.24" 99.2924-1.64 335.875426.40" 0.684-+0.297
7 70.72045.40" 99.5284-0.60 498.9154-40.13¢<* 0.551-0.06"
0 51.90043.64% 98.6354:0.16° 285.498 422,970 3.053+0.21¢
1 61.0324-4.520* 98.8474-0.40°"  354.82574-0.38* 0.99320.07°*
AT 554 3 57.224+0.00% 99.941+0.19¢ 190.455+14.33" 2.2944+0.30°
5 61.509246.06* 99.7734:0.60"  305.3864-0.00" 2.76140.18¢
7 66.07846.52¢ 99.2224-0.74%  183.476415.11°" 1.3564-0.222"

T NEFEEEANR R R N 2 5 B (P<C0.05) . * RN 22 57 3% (P<C0.05) 3 T HA G i 3K st
W], T o S PR K S S5 IR 5 5 P oy AN 5 3L Sl K 08 0], P oo S T Pl K U6 LA

1d 3d 5d 7d

1

10 000
20 000
30 000

AT -40 000
SR 50 000
-60 000

6 R LRt 7R B KB AR R L st K 9
i )

B 11 ARRFRA5XTEENA LR R GHHA
Figure 11 Pseudo-color images of eel muscles obtained

by different slaughtering methods during

storage

5,155 Zhao S5 2 — 5L,
3 e

BT e T BB 2 1A T 52 2% 0 32 28 7 5 ol
8 TR L 2 SR 22 WL BL AR S A% O A ) T A5 1 6
BT . 4 °CIETHE IO T L HL AR 2 % AT R T (5 B 1 RE
VE PR 48 D PN L BILBR S 2R AL T £ 1 A e FNTLRR
SR T TS A% 5 BB S 2% A 6 £ 1 4 % M £k
SERA RN RS BT T AL 7 d A
Bl 28 7 20 A0b B 10 895 £ 122 2 26 504 <20 mg/100 g5
BB S 2% 8 0 0 5 K ) 85 T T TS A B0 T 0P AT 0
(0~3 d) A\ T 5 4% B £ BE 10 7K 40 3 B0 T8 6 785 T LAk 2
FH0 L TR AL 5 4% B 6 0 00 22 0 3 A7 £5 i — S 5T

EESd
[1] A7 AR, ] o3 . 8 0 i 2 4 KU 23 A 0], +h [ vl B 4 5
1, 2021, 11¢1): 1-10.
YANG D Q, HE L. Risk analysis on quality and safety of rice-field
eel, Monopterus albus products [J]. China Fishery Quality and
Standards, 2021, 11(1): 1-10.

[2] 75 bk, SRR €0 8 65 A PR R 8 FR N BT A Bt A% 2 R 1
T [D]. B3 B AR K, 2016: 1.
WU X L. Evaluate of growth performance and nutritive coposition
and analysis of genetic diversity in different body color ricefield eel
(Monopterus albus) [D]. Nanjing: Nanjing Agricultural University,
2016: 1.
3] ROKR, EF, HERAR, % R B 7 =00 b 6 £ 14 45 % i
S BRZ A (3] H R AR R 22 2241, 2019, 54(3): 152-162.
WU Y J, WANG L, KANG C C, et al. Effects of different slaughter
methods on the volatile components of rainbow trout meat [J].
Journal of Gansu Agricultural University, 2019, 54(3): 152-162.
[4] J7 pk. A0 % R ) BT % BT R A I R e R T 5T (D). g -
T K2, 2018: 19-20.
FANG L. Study on taste components and quality variation of grass
carp meat[D]. Shanghai: Shanghai Ocean University, 2018: 19-20.
[5] EF. A [l b 2y 20 % 0 6 7 3 R 4% 00 R 5 BBE e 1Y) OF
FE[D]. AW F: A F K, 2018: 13-15.
WANG H L. Effect of partial freezing with different treatment
conditions on quality of Rainbow Trout during storage[D]. Shihezi:
Shihezi University, 2018: 13-15.
A, WORIHE, TR B, A5 — i B YR ik £ 52 S BIL - 1) 9 5
#E - CN202011457116.X[P]. 2022-03-01.
LI P, HUANG H X, ZHANG L, et al. Guiding adjustment device of
a new loach eel slaughtering machine: CN202011457116.X[P]. 2022~
03-01.
(7] S8, £ M8, THmulE, 55 . 7 W 5T R U4k M6 X ol o e 0 £ 1A) € 15
TR 8 P A S A D). 2 ol 2018, 39(4): 137-140.
GUO L, WANG P, MA LY, et al. Effects of hyaluronic acid coating

=

on color and texture characteristics of crucian crap ( Carassius
auratus) during superchilling storage[J]. Food Industry, 2018, 39
(4): 137-140.

[8] #A Kk %2, ZE i, XU ARAR, S5 AN 7]k B 392 3l %o o i = 3¢ £ 0 2
S B4 B W (9], £ 5 A B Tl 2021, 47(10): 145-150.



138

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

YANG Y A, L1 J J, LIU J F, et al. The effect of temperature
fluctuation on color difference and texture of frozen salmon [J].
Food and Fermentation Industry, 2021, 47(10): 145-150.

[9] MH-22 g . ey s &b BELAR [R] 7K 7= it 14 it J5 78 £ K% HC AL BEAJF 5T (D).
JUON: AR R EE TR %, 2019: 37
YE A N. Study on high pressure process on quality changes of
different aquatic products and its mechanism[D]. Guangzhou: South
China University of Technology, 2019: 37.

[10] LT, FRdy, DR, . 7 vt £ PR B AL 38 AR
Je 3 R AU 0], B B2, 2018, 39(7): 215-220.
ZHENG H, SU X B, MA L, et al. Changes in physicochemical

I o

properties and proteins during shelf life of cold stored swamp eel
(Monopterus albus) [J]. Food Science, 2018, 39(7): 215-220.

[11] MARIK P E, BELLOMO R. Stress hyperglycemia: An essential
survival response! [J]. Critical Care, 2013, 17(2): 305.

[12] Z2FF0. DU FhAS 7 £ 1 A9 J 7K £ 288 7 0 17 B JHG X A AR Y
R [D]. HUM: Wi K%, 2017: 8-10.

JIANG D L. Stress responses in four warmwater fish species with
different food habits and its effect on glycometabolism [D ].
Hangzhou: Zhejiang University, 2017: 8-10.

[13] A £ B, A ah, S, 4. BoaE J5 20k 5 Y 5 & 1R A o
TN 7 86 W A1 (9 52 00 [0]. £ B4, 2016, 37€18): 64-70.
DIAO Y D, ZHANG J J, SHI S S, et al. Effect of different
slaughter methods on volatile compoonds and lipoxygenase
activity of grass carp meat[J]. Food Science, 2016, 37(18): 64-70.

[14] F 2000 . B A4 B0 5 I il ad A v 5 B A (R W 5% (D). g g i
PR, 2019: 53.

WANG H L. Study on changes in the quality of grass carp in the
process postmortem [D]. Shanghai:
2019: 53.

[15] 5k ¥ A7 BRE £ 90 1A o A B o 1 R R %ok 1 1) 5 R
Wi [D]. b F VR, 2019: 33-34,

ZHANG T. Fresh-keeping processing technology of grouper by

Shanghai Ocean University,

liquid quick-freezing and its effect on meat quality[D]. Shanghai:
Shanghai Ocean University, 2019: 33-34.

[16] A . v R K ff1 P £ 8 BOR BF 5T [D]. Kt KRR K
2%, 2020: 16-17.

WANG Y D. The study of fresh-keeping technology of chilled
fresh water fish[D]. Tianjin: Tianjin University of Science and
Technology, 2020: 16-17.

[171 GE L, XU Y, XIA W. The function of endogenous cathepsin in
quality deterioration of grass carp ( Ctenopharyngodon idella)
fillets stored in chilling conditions [J]. International Journal of
Food Science & Technology, 2015, 50(3): 797-803.

(18] J % . v& I8 ] £ 5% 8 400 P9 I A S Bk IR B 45 78 1Y

PLEE[D]. 5 JK: V4RI K2, 2020: 19-20.
TANG M. The mechanism on deterioration of texture quality of
cooked fish caused by stored time extension of refrigerated
prepared fish[D]. Chongqing: Southwest University, 2020: 19-20.

[19] BEKHIT A E D A, HOLMAN B W B, GITERU S G, et al. Total

volatile basic nitrogen (TVB-N) and its role in meat spoilage: A

BE 5 [ 20231 A | RASHIM
review[J]. Trends in Food Science & Technology, 2021, 109:
280-302.

[20] XV, 70 7 B, 4R SO, A5 BEBE 78 G A BF Ao B Y S R
R[] B A B, 2018, 39(21): 293-298.

ZHAO H Y, GAO L Q, CUI W L, et al. Quality changes of
Monopterus albus slices during refrigerated preservation [J].
Science and Technology of Food Industry, 2018, 39(21): 293-298.

[21] CAO SM, WU Y Y, LI L H, et al. Activities of Endogenous lipase
and lipolysis oxidation of low-salt lactic acid-fermented fish
(Decapterus maruadsi) [J]. Journal of Oleo Science, 2018, 67(4):
445-453.

[22] BOONSUMREIJ S, CHAIWANICHSIRI S, TANTRATIAN S, et al.
Effects of freezing and thawing on the quality changes of tiger
shrimp ( Penaecus monodon) frozen by air-blast and cryogenic
freezing[J]. Journal of Food Engineering, 2007, 80(1): 292-299.

[23] WRIGEAE, 6 K, RBH, 5 RES A MARE G EE AR

XV 6 T 8% o5t TR A 5 [T, £ Tl B, 2022, 43(7):
255-261.

CHEN X N, JIANG H L, WU Q J, et al. Effect of stable chlorine
dioxide combined with vacuum packaging on the quality of pike
eel (Muraenesox cinereus) during frozen storage[J]. Science and
Technology of Food Industry, 2022, 43(7): 255-261.

[24] DALY, LU Y, WU W, et al. Changes in oxidation, color and texture
deteriorations during refrigerated storage of ohmically and water
bath-cooked pork meat[J]. Innovative Food Science & Emerging
Technologies, 2014, 26: 341-346.

[25] LA fg, w7 I, AR SCR, AF. B
I, A uk, 2019, 40(5): 214-219.
WANG Z N, GAO L Q, CUI W L, et al. Quality change and

RS AN R (A

control of Monopterus albus slices during frozen storage[J]. Food
Industry, 2019, 40(5): 214-219.

[26] TLEKIR, A vik, FWIOC, & MEBHE SR TRHAELE

A6 550 6T V4 JHC T B9 £ 5 N R B Ak B R 0 0], 12 A S5 LB,
2019, 35(12): 130-136.
SHEN Q X, ZHU K Y, LI M Y, et al. LF-NMR combined with
electronic nose to analyze the quality changes of refrigerated
rainbow trout treated with composite preservative [J]. Food &
Machinery, 2019, 35(12): 130-136.

[27] ZHANG L, LI Q, LYU J, et al. The impact of stunning methods on
stress conditions and quality of silver carp ( Hypophthalmichthys
molitrix) fillets stored at 4 ‘C during 72 h postmortem[J]. Food
Chemistry, 2017, 216: 130-137.

[28] ZHAO X, CHEN L, WONGMANEEPRATIP W, et al. Effect of
vacuum impregnated fish gelatin and grape seed extract on
moisture state, microbiota composition, and quality of chilled
seabass fillets[J]. Food Chemistry, 2021, 354: 129581.

(2915 55, % 5 W), FL 3, 4. 25 25 B ) ) it 2 PR 28 240 Ok B
LR oY o3 A (9 52 WA 0], S5 P, 2016, 32(4): 19-23.

WUL L, LUO R M, KONG F, et al. Effect of cooking loss,
tenderness and water distribution of Tan sheep at different cooking

time treatment[J]. Food & Machinery, 2016, 32(4): 19-23.



