46 11 46(11):108~116
2016 11 PERIODICAL OF OCEAN UNIVERSITY OF CHINA Nov. , 2016
1 2 3 1 % x 1
’ ’ ’ 1)
(1. s . s 266003
2. . 8100165 3. 315010)
40, 0% 11 8% . 12,
(P<C0. 05) 3 s N N s
(P <0. 05), . . . N .pH
(P <0, 05), . . N
(P <0, 05), . (P <0.05),
(P <0 05), PUFA/SFA
(P <0 05, m3/n6 (P <0.05), .
(P >0, 05), . .
S963. 72 A 1672-5174(2016)11-108-09
DOI. 10.16441/j. cnki. hdxb. 20160130
. . . [Jl. (

), 2016, 46(11): 108-116.

MENG Yu-Qiong, MA Rui, SHENTU Ji-Kang, et al. Comparative studies on the quality of wild and formulated diet-fed

large yellow croaker (Larimichthys crocea)[]J]. Periodical of Ocean University of China, 2016, 46(11): 108-116.

b b b
o o b
[1]
b o
o b b
, , [4-5] [6-7] . (()7’1
corhynchus mykiss) (Salmo salar)
o ’
[2]
o b A
(Larimichthys crocea ) N s
(Osteichthyes) (Perciformes) ( Sci- el
aenidae) (Larimichthys) , Lo
“ ”»
b o b b
2014 12 t, s ,
[3]
A} o b b
o b o
* : (31372542) 5 (2014GA701001)
Supported by the National Natural Science Foundation of China (31372542); The State Spark-Program China (2014GA701001)
:2016-04-15; :2016-05-19
(1987-), , : N

K% : E-mail ; wzhang@ouc. edu. cn



11 s 109
:] 1)
1 ( ) 72 84% 43 84%; :9.25%  2.05%,
2 (mg or g/kg diet) ; B1.25 mg; ,45 mg;
1.1 B6,20 mg; B12,0. 1 mg; K3,10 mg; ,800 mg;
’ B3,60 mg; ,2 000 mg; ,20 mg; ,1. 2 mg; A
40. 0% , .32 mg; D3.5 mg; E.120 mg; C.2 000 mg;
1. 8% , 1, .2 000 mg.? (mg or g/kg diet) : .2 mg; .
F(H)26 ( 0. 8 mg; (1%),50 mg; ,10 mg; ,80 mg; ,50
) 5 mmX 5 mm , 55°C men o 00men D200 mes OO0 mE s
100 mg; ,15. 45 gt =1:2,°
’ —20°C ° : =1: 1,5 ARA; .7 EPA, .
1 S DHA, .9 SFA, 10 PUFA,
Table 1 Formulation and proximate composition 3. -3 206, n6 .

of the experimental diet

Ingredients Contents/ %
Fish meal 42
Canola meal 18
Wheat meal 22
Lecithin 2.5
Fish oil 5.5
Mineral premix ' 2
Vitamin premix * 2
Attractant * 0.5
Mold inhibitor * 0.1
Y, 0, 0.05
Ethoxy quinoline 0. 05
Microcrystalline cellulose 5.3
Proximate composition
Crude protein 39.96
Crude lipid 11.82
( )
Fatty acids composition(dry matter) /mg * g '
20: 4n-6 (ARA) ° 0.01
C20:5m-3 (EPA) ¢ 0.13
C22:6n-3 (DHA) ’ 0.19
SFA ¢ 0.43
PUFA’ 0.54
PUFA / SFA 1. 26
n-3 " 0.32
n6 0.19
-3/ n6 1.68
( )
Amino acids composition(dry matter) /%
(Arg) 1. 96
(His) 0.93
(Ile) 1.19
(Lew) 2.25
(Lys) 2.26
(Met) 0.62
(Phe) 1.35
(Thr) 1.45
(Val) 1.53

Note: ! Fish meal and canola meal were obtained from Qingdao Great
Seven Bio-tech Ltd (Shandong, China). Crude proteins (dry matter)
were 72. 84 % and 43. 84% , respectively. Crude lipids (dry matter) were
9.25% and 2.05% , respectively. ? Mineral premix(mg or g / kg diet) :
NaF, 2 mg; KI, 0. 8 mg; CoCl,(1%), 50 mg; CuSO, » 5H,0, 10 mg;
FeSO, » H,0, 80 mg; ZnSO; » H,O. 50 mg; MnSO; » Ho0, 60 mg;
MgSO, + TH2 0, 1200 mg; Ca(H,PO,)s » HoO, 3000 mg; NaCl, 100
mg; Zoelite, 15 45 g. ® Vitamin premix(mg or g / kg diet) : thiamin, 25
mg; riboflavin, 45 mg; pyridoxine-HCL, 20 mg; vitaminB12, 0. 1 mg;
vitaminK3, 10 mg; inositol, 800 mg; pantothenic acid, 60 mg; niacin
acid, 200 mg; folic acid, 20 mg; biotin, 1. 20 mg; retinol acetate, 32 mg;
cholecalciferol, 5mg; alpha tocopherol, 120 mg; ascorbic acid, 2000 mg; cho-
line chloride, 200 mg; microcrystalline, 14. 52g. *Attractant: glycine: beta-
ine = 1 : 2. "Mold inhibitor; fumaric acid: calcium propionate = 1 : 1.
8 ARA: arachidonic acid. "EPA: eicosapentaenoic acid. *DHA; docosahexae-
noic acid. ?SFA: saturated fatty acids. '"PUFA. polyunsaturated fatty acids.

-3, n3 fatty acids. 2n-6: n-6 fatty acids.

1.2
(135. 38+1 02) g ,
, (2mX2mX2 5m)
12 , 9
( (2485048 18)g)
o s, 9 (
. (296, 1546, 55) @) .
1 . 48 h .
pH , —80 C
1.3
1.3.1 R

= / X100 %,
- CR-400
. (CIE)
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L*( ) a* ( - ). b ( - 15 mL , 1 mol/I.  KOH- 3 mL,
By 80 C 20 min; . 2 mol/L
N HCL- 3 mL,80 C 20 min;
; ) 2mlL, y ;1 mL
o 3 o 3500 g 5 min(Legend RT ,
, ) 450 pL ,
50 uL 1 mg/mL (Sigma)
, - (GCMS-QP2010,
) ) o
- : D
: Rxi-1MS (30 m X 0. 25 mm, 0. 25
(A o ’ / pm) ; : 150 C, 15 C/min
B. s ;C pH;D:
. A:Segment was used to assay muscle col- 200 C, 2 °C/min 250 °C;
or, texture, hydroxyproline, pyridinoline crosslink and water/salt solw- 200 C3  (He) :1 mL/min; ’
ble protein; B:Segment was used to assay liquid losses, water losses, fat 1pl, 20 : 15 2 5 min, @
losses. C:Segment was used to assay muscle pH; D:Segment was used s , 230 C,
to assay moisture, lipid content, fatty acids, crude protein, amino acids 280 °C, 70 eV, 45 ~ 500
composition. ) m/zo
1
Fig.1 Sampling segments for measurements of the +@ ° NISTOS. LIB
quality parameters in muscle of large yellow croaker ’ 80%
@ .
1.3.2 1 A , o
3 , (TMS-PRO, FTC, 1.3.4.3 / Sigholt
) TPA . Lsd
: 8 mm ; 0.1 Nj; o : lg ,
25 N ; 30 mm/min; 20 mL, 1 min; 4°C,8000 g
60% , N \ 20 min(Legend RT R R ),
o —80 C s o 25 mL
o ) .4 C o
1.3.3 pH Comez- , 20 mL 0. 6 mol/L
Guilien Ll 1 B , 1 min
3 ) N o 20 min, 25 mL
Fuentes (i) pH (PB-10, , , 0. 6 mol/L , 4 C
) pH . o
1.3.4 ( , )
1.3.4.1 . AOAC o
(6] o , 1.3.4.4 \
105°C ; , Li o
(2300~ ,FOSS, ) . ;. lg
. 9 mL,4 C 1 min;
1.3.4.2 10 g 0. 2 mol/L 10 mL,
, (ALPHA 1-4 LD, , 4 °C 4h; 4°C,10000g
) , o (CR21GII , s )30 min,
01lg s o 1 mL ( )
Folch bl 4 °C ; ( )
01lg , 3 mL 6 mol/L R
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, 110°C 20 h,
10 mL , 1mL R
s Zhang
[20]

(UV-2401PC, s ) 560 nm .

ELISA ( , )
1.3.4.5 6N
HCI 110°C 22~24 h,

(18900, , )

1.4
SPSS 17. 0 ,
. T- (t-test)
. P<0. 05
2
2.1 .
2,
2 ~
( + ,n=9)

Table 2 Condition factor and skin/muscle color of the wild and

formulated diet-fed large yellow croaker (Mean®S. E. M. , n=9)

© @ P
9/%  1.2640.04  1.71+0.06 0. 000
©  55.23+1.57  62.25%4.50 0.283
®  —0.53+0.43 —1.2540.32 0.196
g 8.0740.65  4.9740.42 0.001
®
® 73.34+1.05 72.92+2.56 0.909
® 7.91+1. 26 2.57+1.58 0.042
35.90+2.68 19.4941. 22 0. 000
]

®  54.04£2.02  59.7240.88 0.011
o 7.4140.84  1.6520.46 0. 000
@ 3.65-51.18  8.39+0.34 0.000

2! = /
Body length?® X 100%.
D Wild fish; @Formulated diet-fed fish; @ Condition factor; @ Dorsal skin
color; ®Lightness (L*);©®Redness (a*) ;@ Yellowness (b*); ® Abdo-

3 X 100% ., Condition factor = Body weight/

men Skin color ;@ Muscle color.

111
1 26%, (1. 71%,P<<Q 05),
. (b*),
(a*) (b*) (P<
Q 05, ,
(L) (b*) . (a®)
(P<<Q 05),
2.2 . .pH
3 . .
3
( + ,n=9)

Table 3 Flesh quality and compositions of the wild and

formulated diet-fed large yellow croaker (Mean®S. E. M. , n=9)

@ @ P
©/g 481.63459.09 377.75423.65 0.160
© /g« mm 23.39+2.22  14.42+1.06 0.007
© 0.33%£0.01 0.2440.01 0.000
@ /mm 2.8240. 14 2.3540.12 0.034
® /g« mm 450.72467.60 213.45416.15 0.023
®/% 18.1941.62  24.2140.69 0.005
/% 16.4241.47  20.1040.74 0.042
®/% 1.7740.18 4.1140.58 0.009
pH 7.13240. 05 6.760.05 0.000
®
®/% 77.6140.75  68.37+0.60 0.000

( YO /%  1.6140.04  10.784+0.41 0.000
( YO /% 19.094-0.37  17.624+0.39 0.043
( Y2 /9% 3.322£0.40 5.894-0.22 0.000

( YE /% 9.0140. 26 8.69+0.61 0.717

( @/
» 0.3440.03 0.3340.03 0.743
g kg

(

0.0040. 00 0.094+0.02 0.001
)0 /g kg™

" 0.344+0.03 0.2540.02 0.016

( )@;/g . kg 1

( )@ . 249.564-4.88 259.25+28.75 0.821
- /ng-* g

Note: D Wild fish; @ Formulated diet-fed fish; @) Texture; @ Hardness;
@ Adhesiveness; © Cohesiveness; (@) Springiness; ® Chewiness; @ Liquid
holding capacity; @ Liquid losses; @ Water losses; @ Fat losses; @ Muscle
compositions; @ Moisture content; @ Lipid content (wet weight); @ To-
tal protein content (wet weight) ; @ Water soluble protein (wet weight) ;
@®Salt soluble protein (wet weight); @ Total hydroxypproline (wet
weight) ; 20 Alkaline-soluble hydroxyproline (wet weight) ; @ Alkaline-in-
soluble hydroxyproline (wet weight) ; @Pyridinoline crosslink concentra-

tion (wet weight).
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(P<C0. 05), , 4
. ® ) P
(P<<0.05), pH C18:2n6 0.55740. 06 8.204£0.18  0.000
(P<C0. 05), _
C18:3n-3 0.0540. 02 0.5240.02 0. 000
(0. 34 g/kg),
C18:4n-3 0.1040. 04 0.9740.05 0. 000
(0. 25 g/kg, P<<0. 05),
(5. 89%) C20:4n-6 (ARA) 0.6740.07 0.8740.03 0.012
(0. 09 g/kg, P<C0. 05), C20:5n-3 (EPA) 1.4140.17 4.94+0.21  0.000
N C22:5n3 0.5340.08 2.094+0.12 0. 000
( ) C22:6n-3 (DHA)  4.01+0. 28 8.4140.21  0.000
(P>0.05), SFA 2 9.42+0.85 25.4940. 95 0. 000
2.3 N .
MUFA® 10.48=+0.93 29.80+1.19 0. 000
3 s
PUFA * 7.634£0.60 27.3940.72 0. 000
(P<<0. 05), 77.61%  19.09%
( ), PUFA / SFA 0.8240.03 1.0840.02 0. 000
(P<<0. 05), 10, 78 % ( ) TFA° 27.5342.33 82.6942.70 0. 000
n3° 6.3240.43 16.7440.83 0. 000
4 o , 6’ 1.39+0. 14 9.57-£0.20  0.000
(SFA, 3 / n6 4.6240.18 1.7540.07  0.000
25. 49 mg/g, )\ (MUFA, 29. 80
DHA / EPA ¢ 2.9940. 33 1.7740.03 0.021
mg/g., )N (PUFA.,27. 39 mg/g.
ARA / EPA? 0.49-+0. 04 0.18+0.01 0.001
). -3 (n-3,16. 74 mg/g., ) .6 / EP
(n-6,9. 57 mg/g., ) (TFA, :'Nd. ; ;2 SFA, ;¥ MUFA,
;¢ PUFA. ;9 TFA: ;6 -3 n-3
82 69 mg/g. ) PUFA/SFA (1. 08). e
1 7 ;7 n6: n6 ;éS DHA/'EPA; /
n=3/n6 (L 75) . / . ARA/EPA, /
(DHA/EPA’ L7 / Note:! Nd.: Not detected. 2SFA.: Saturated fatty acids. ® MUFA;
(ARA/EPA,0. 18) (P<C0. 05), Mono-unsaturated fatty acids. * PUFA. Poly-unsaturated fatty acids.
> TFA.: Total fatty acids. ® n-3: n-3 fatty acids. " n-6: n-6 fatty acids.
4 8 DHA/EPA: Docosahexaenoic acid/eicosapentaenoic acid. 7 ARA/
( , =+ ,n=9) EPA : Arachidonic acid/eicosapentaenoic acid.

Table 4 Fatty acid compositions (wet basis) in the muscle

of the wild and formulated diet-fed large yellow

croaker (Mean+S. E. M., n=9) /mg-g '

® @ P
Cl14.0 0.96+0.07 2.85+0.07 0. 000
C16:0 6.1740.43 13.8140. 46 0. 000
C18.0 1.8740. 24 5.527+0.41 0. 000
Cl6:1n7 2.7240.29 7.1240.29 0. 000
Cl6:1n-9 Nd.! 0.0340.00 0. 000
C18:1n-7 1.0940. 12 3.04=0.04 0. 000
C18:1n9 5.69+0.57 15.7040. 84 0. 000
C20:1n9 0.44740.09 1.8740.07 0. 000
C22:1n9 0.06=40.02 0.2940.02 0. 000
Cl14.0 0.9640.07 2.8540.07 0. 000

C24:1n9 0.09+0.02 0.5440.03 0. 000

DOWild fish; @ Formulated diet-fed fish

5, ,
(0. 64% L P<
0. 05, . N
2
(P<<C0. 05),
3
[10]
6.7
(Sparus aurata ), ( Dicentrarchus la-

brax )V (Salmo salar)t??

o ’ b
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y [2, 27] .
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28]
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Table 5 Amino acids compositions in the muscle
of the wild and formulated diet-fed large yellow croaker ’ ’
(%, wet basis, Mean®+S. E. M. , n=9) /% ’
,
) @ P [25] .
® , pH‘
(His) 0.3440.01 0.3140.01  0.123 . .
(Tle) 0.6440.05 0.6240.01  0.710 pH. pH
(Lew 1.16+0.09 1.114+0.02  0.613 1) s
(Lys) 1.3840.13 1.3040.02  0.559 ,
(Met) 0.4340.04 0.3340.03  0.071 (15, 291 pH
(Phe) 0.6240.04 0.6240.02  0.948 ,
(Thr) 0.68%+0.05 0.66+0.01  0.591 pH ol
(Val) 0.7140.05 0.6840.01  0.620 o
®  5.9640.50 5.6240.09  0.443 R
® o N o
(Ala) 0.9140.04 0.8340.03  0.154 , N
(Arg) 0.9240.06 0.8340.01 0,271 B
(Asp)  1.4540.11 1.3940.02  0.645 ’
(Cys) 0.1340.01 0.1440.01  0.652 ’
(Glw 2.4440.22 2.2740.04  0.488 ( )
(Gly) 0.7340.03 0.6440.01  0.041 (
(Ser) 0.3740.15 0.4440.15  0.737 )
(Tyr) 0.50+0.04 0.51£0.01  0.969 ° ’ °
®  7.4540.44 7.04£0.14  0.545 ’

@ 13.414:0.93 12.66+£0.21  0.470 o
Note: D Wild fish; @ Formulated diet-fed fish; @ Essential amino acids ’ °
(EAA); @ Total essential amino acids; &) Non-essential amino acids ’

(NEAA) ; ©Total nom-essential amino acids; @ Total amino acids. ’ o
,
“ ” [24] s . N
) (b* o
, ,
[25] 3 ,

. 36-37
’ o Yi ’ L g ° ’
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Comparative Studies on the Quality of Wild and Formulated
Diet-Fed Large Yellow Croaker (Larimichthys crocea)
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Ministry of Education, College of Fisheries, Ocean University of China, Qingdao 266003, China; 2. State Key Laboratory of
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Abstract: The present study was conducted to compare the fish quality difference between wild ((296, 15 +
6. 55) g) and formulated diet-fed large yellow croaker. The experimental diet containing 40. 0% of crude
protein and 11. 8% of crude lipid was fed to large yellow croaker (initial weight: (135 3841 02) g) to ap-
parent satiation in sea cages for 12 weeks. The final body weight of the formulated diet-fed large yellow
croaker was 248 50+8 18 g. Then following quality parameters were analyzed: condition factor, skin col-
or, muscle color, flesh quality, muscle crude compositions, muscle fatty acids and amino acids composi-
tions. Results showed that compared with wild large yellow croaker, formulated diet-fed fish had signifi-
cantly higher value of condition factor (1. 71%, P<C0. 05). In regard to the skin color, wild large yellow
croaker had significantly higher value of yellowness (8 07) of dorsal skin, redness (7. 91) and yellowness
(35. 90) of abdomen skin (P<C0. 05). For the muscle color, significant higher value of lightness (59. 72),
yellowness (8 39) and lower value of redness (1. 65) were observed in the formulated diet-fed large yellow
croaker (P<Z0. 05). In the flesh quality aspect, compared with the wild, significantly lower value of adhe-
siveness (14. 42 g » mm), cohesiveness (0. 24), springiness (2 35 mm), chewiness (213. 45 g * mm) as
well as higher values of liquid loss (24. 21%), water loss (20. 10%) and fat loss (4 11%) were observed
in formulated diet-fed group (P<C0. 05). Wild fish had relatively higher muscle pH (7. 13) and alkaline-in-
soluble hydroxyproline (0. 34 g/kg wet basis, P<C0. 05), while fish from formulated diet-fed group had
significantly higher content of water soluble protein (5 89% wet basis) and alkaline-soluble hydroxypro-
line (0. 09 g/kg, P<C0. 05). In the nutritional value aspect, wild fish had higher content of moisture
(77. 61%) and protein (19. 09% , P<C0. 05), while formulated diet-fed fish had higher value of lipid con-
tent (10. 78% , P<C0. 05). Formulated diet-fed group had higher content of saturated fatty acids (SFA.,
25. 49 mg/g wet basis), mono-unsaturated fatty acids (MUFA, 29. 80 mg/g wet basis), poly-unsaturated
fatty acids (PUFA, 27. 39 mg/g wet basis), n-3 fatty acids (n-3, 16. 74 mg/g wet basis), n-6 fatty acids
(6, 9. 57 mg/g wet basis), total fatty acids (TFA, 82 69 mg/g wet basis) and higher value of PUFA/
SFA (1. 08), but they had lower value of n-3/n-6 (1. 75, P<C0. 05). According to the indispensable amino
acids requirement of human being, no significant difference in amount and composition of indispensable a-
mino acids in large yellow croaker were observed between two groups (P>>0. 05). Except that glycine con-
tent was significantly lower in formulated diet-fed fish (0. 64% wet basis, P<C0. 05), content of all other
dispensable amino acids (7. 04% , wet basis) and total amino acids (12. 66% , wet basis) were not signifi-
cantly influenced by formulated diet (P>>0. 05). It was concluded that compared with the wild, the formu-
lated diet-fed fish had significant quality differences in body shape, skin color, muscle color and texture.
However, from the human beings’ consumption aspect, the nutritional value of large yellow croaker fed
with formulated diet had no significant difference from the wild.
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