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Abstract: The conventional nutritional composition, minerals, fatty acids, and amino acids in the muscles of Cyprinus carpio, Carassius
auratus, Ctenopharyngodon idella, Mylopharyngodon piceus, Erythroculter ilishaeformis, and Parabramis pekinensis from the Miyun
Reservoir were analyzed using biochemical methods to explore the nutritional composition of wild fish grown in the same area. The results
showed that M. piceus had the highest crude protein content (21.25%), whereas Carassius auratus had the lowest content (17.70%).
Erythroculter ilishaeformis had the highest crude fat content (5.73%), whereas Parabramis pekinensis had the lowest content (1.18%). The six
species of fish were rich in mineral elements, including K, Na, Ca, Mg, P, Fe, Mn, Zn, and Se, thereby constituting high-potassium and
low-sodium dietary sources. Essential amino acids for the human body accounted for more than 40% of the total amino acids in the fish, with
umami amino acids accounting for 37.53%~39.21% and the glutamic acid content being the highest. There were 22, 17, 20, 22, 24, and 19 types
of fatty acids detected in the muscles of Cyprinus carpio, Carassius auratus, Ctenopharyngodon idella, M. piceus, E. ilishaeformis, and P.
pekinensis, respectively. The six fish species had different relative contents of saturated fatty acids, monounsaturated fatty acids, and
polyunsaturated fatty acids. The findings indicated that all six species demonstrated optimal protein content, adequate amino acid composition, a
rich abundance of beneficial minerals and fatty acids, and high nutritional value.
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Table 1 Nutritional compositions in muscles of 6 species fish (%o,
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Table 2 Mineral elements in muscles of 6 species fish (mg/kg, wet weight)
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Table 3 Amino acids in muscles of 6 species fish (g/100 g, wet weight)

FULER ) b e e ] %&b
HEB Lys* 1.7240.03°  1.7740.06° 1.7140.08° 2.1940.06°  1.8240.06°  1.8640.05"
F & Thr* 0.8440.03° 0.8320.03° 0.8040.03° 1.0340.02°  0.8440.04°  0.9240.02°
F5FR Leu* 15040.03° 1524006 1.4840.06° 1.8940.06°  15840.07°  1.600.05°

F 2R lle* 0.7840.03°  0.8040.02° 0.8140.04° 0.9940.04°  0.7920.02°  0.8240.04°
SRR ER Val* 0.8940.03°  0.9040.02° 0.9240.05° 1.1240.04°  0.8940.03°  0.9240.04°
R B Met* 0.5640.02° 0.5640.02" 05320.02° 0.7040.01° 0.5640.03*  0.584).03
&R B Trp* 0.1740.02° 0.1520.02™ 0.1540.02° 0.1940.01° 0.1440.03°  0.2140.02°
KAAF Phe*  07940.01° 0.8320.04° 0.7740.03° 0.9320.03° 0.8240.03°  0.8140.05°
20 5B His** 0.6040.02°  0.5840.02° 05540.06° 0.7240.02°  0.4840.02°  0.504.02°
Fe 2B Arg** 1.0840.05°  1.0540.05° 1.0340.05°  1.3440.01°  1.0940.05°  1.1840.07°
5B Glugt 2.8140.06° 2.9040.12h° 2.7440.14° 3614008  2.9940.13°  3.0740.15°
H&F Gly# 1.0040.08°  1.0020.04° 09240.06° 1.1040.03°  0.9240.07°  1.2620.09°
RE B Alat 1.1440.04*  1.1340.05°  1.0940.04° 1.3140.01° 1.1340.06°  1.2040.06°
KIVAZF Aspt 1.9140.03° 1.9640.08°  1.8940.08°  2.3640.04*  2.0240.07°  2.0320.08°
& F R Ser 0.7530.04°  0.7540.03° 0.7240.03° 0.9440.01° 0.7820.04°  0.7740.03
JREABL Cys 0.2940.05°  0.2340.02° 02740.04° 0324004 02740.01° 0.2540.03"
4B Tyr 0.6340.02° 06320.02° 0630.04° 08740.01° 0674.04° 0.6540.03°
JE B Pro 0.6340.06° 0.5840.03" 0.5820.02° 0.7040.01° 05740.04°  0.6520.04%
STAA 18.0840.54° 18.1740.64° 17.5040.68° 22.3040.43% 18.3640.83° 19.2940.61°
YEAA 7.2540.16°  7.3740.22° 7.1840.28° 9.0340.26°  7.44403%  7.7240.15°
YCEAA 16740.07° 16320.06™ 15940.06° 2.0640.03°  15740.07°  1.6940.09°
YNEAA 0.1640.33° 0.174036° 8.8340.36° 11.2140.14° 09.354047°  9.8940.37°
YDAA 6.8620.21%  6.9940.27% 6632029  83740.1%°  7.0740.33°  7.5620.37"
EAAITAA(%) 40.10 40.56% 40.82° 40.49% 40.52? 40.02%
CEAA/TAA(%) 9.24? 8.97° 9.04° 9.24° 8.55° 8.76°
EAA/NEAA(%) 79.15> 80.37% 81.31% 80.55% 79.57%¢ 78.06°
DAA/TAA(%) 37.94° 38.47° 37.69° 37.53° 38.51° 39.21°

Er *RTAMRLE BB, R TR E R, AT EARAR
FHARR FEE R TAR AR E M ZF (P>0.05),

. BUAT 478 RE) S84 AR A B 50 £ 7 (P<0.05),
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-, DRI IR e i SR AR — 2 A AR R

R4 6 BN ALFERERITNER
Table 4 Evaluation of essential amino acids composition in muscles of 6 species fish

2%k At LYS THR LEU ILE VAL TRP Met+Cys Phe+Tyr EAAI F{&
$2& 173 115 116 107 098 097 132 1.28
fys 184 117 122 113 103 088 127 1.36
i ¥4 167 106 112 108 099 083 121 122
AAS #¥F5
& 191 122 127 117 107 094 137 1.40
FPEGH 184 115 123 109 099 080 130 135
%% 161 108 107 097 087 103 113 112
$2% 133 098 096 080 074 055 075 086 8480 223
fy& 142 100 101 08 078 050 072 091 8654 221
) #& 129 091 092 081 075 047 069 082 8054 229
CSita L
A% 147 104 105 089 081 054 078 094 9068 222
Ak 142 099 102 082 075 046 074 091 8475 219
Y& 124 093 088 073 066 059 064 076 7829 230

24 JeRimeE S Ak

6 Fh LA A HE T ERAE B SAEX S R LR 5. i
XS WLLEM, 6 P L TRl RRFmE A H W A
Ao AL, R, 6, 6, EMEEARERE LA oy
BIKEHE 22, 17, 20, 22, 24 F1 19 FfEHiER. AR
% (Saturated Fatty Acid, SFA). FAAHHIfS B B2
(Monounsaturated Fatty Acid, MUFA) F1Z ANLAIG I
1% (Polyunsaturated Fatty Acid, PUFA) AEX & &5 5N
19.629%~31.09%. 22.02%~44.16%#1 20.44%~50.79%.

6 Ffe LA = SRR DT P o LU 22 K. SFA
B R BN K eI i) > G £ > ) 8 > il £ >
> E, MUFA RO T > 5 M i > 5 >
> B £ >l PURA R i > i £ > e i)
>fiffh > it >, AR PUFA &R

=, HCN MUFA; fillfa ) PUFA &&E s, HIRON
SFA; Hfih MUFA &5 e, 0N PUFA; FBE R
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79 MUFA F1 PUFA &880, =T SFA; filifiy PUFA
rEdE, SFA I MUFA &2, SFA 1 DUEFHEIR
TrEmE, FLUCNERRER, FUCNRSERE:; MUFA
T IR & B fmr,  FLUCNEREINIR; PUFA rhiif |
i fh ., Hfh, MR DOT MR & B, M
MILL DHA & & N f . 6 Fifi EPA fll DHA &2 R
BOR. TGN EPA i, JLUCNE, H HRIK;
fijg 6 FOE £ DHA & 885 5. EPA+DHA MIXI & B %E 57+
WK, N 2.26%~18.2%, filltafim, HUCNRE, 7
1 51K EPA+DHA FHXS 75 5 b [F) AR A PR 85 A i 1 R
g IR, MRS i . A, FHMEEALE 6 A
M T AL, B EPA+DHA SR, W
S ERG, ON 1.70%, FMEENS EE T, 54T
GER -, P, mfm, SRAR SR S R £
WA n-6 PUFAIN-3 PUFA 5 252 5% (P<0.05) ,

3914 153, 1.06. 1.25. 3.80. 0.66 Al 0.69. W77
N, BT SFAL. MUFA FlI PUFA TEAN[E4)FH a1 R4
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Fh AR, SFAL MUFA F1 PUFA A5 &40 51
4 16.32%~64.71%. 8.5%~55.34%F1 10.67%~67.4%"°,
IS T3t A 0 0 I T P L i ot B 2 i R 1 285 1 Oy
FRAH 4 W SR [R5, n-3 PUFA Al n-6 PUFA & &8
SR RO S R TR S R s s P, AT

=5 6 MEAATIEMERAMMENEE (b, LUDAERERIT)

NN SRR IR AL A, Ak (ORI
BRI 8 B AR AR TR (74.30% ), T (I
FEORJE D AR K B AR (64.71%) M.
0 AR TR AL 0L 252K IR R P, X AT RE R i T
1 S TEA A RUHE R )P,

Table 5 Composition and relative content of fatty acid in muscles of 6 species fish

e ER brt & 24 & Falyad e
A A C12:0 0.0440.01 ND ND ND 0.0540.01 ND
M 2 %8 C13:0 ND ND ND ND 0.0440.01 ND
BB C140 14620.12° 17840.14°  1.493008° 0.6840.07" 4024021°  1.3440.1°
+ A AAEE C15:0 0.5140.02°  0.40#0.04°  0.1840.02° 0.11#0.01° 09830.09°  0.0840.15
AZAE: C16:0 20.3242.06® 18.2641.84° 19.31#H.44% 14.1640.74° 20.840.34*  19.02#4.02®
+-L B C17:0 0.5440.09°  0.63#0.02*°  0.3640.07° ND 0.6340.04°  0.470.03°
BB % C18:0 6.374056° 6113063  50240.36° 35840.15°  4.12402°  5.8540.43°
Fe.A B C20:0 0.1340.05° ND 0.0340.01°  023#0.01°  0.2740.02° ND
—+—#k8% C21:0 0.2140.05 ND ND 0.5240.03 ND ND
L #FEL C22:0 0.0740.02° ND 0.1540.03°  0.3420.04*  0.1940.02°  0.0940.02°
SSFA 29.64+1.87° 27.194255°  2654:H.67° 19.6240.74° 31.0940.46° 26.84:+1.14°
M 2 3B Cl411 ND ND ND ND 0.0540.01 ND
AZAh L C16:1 7.6540.85°  52740.35°  7.474056° 3514013 95540.61°  7.1540.6
+-LaE b ES C17:1 0.3840.07°  0314003° 033#0.03° 01130.01° 09740.05%  0.0740.01°
B C18:1n9¢c 238740.91°  155740.85% 24.16:4.44° 37544118 2345:1.02° 18.65:.24°
—+abHER C20:1 1.3840.27°  0.8740.06°  1.1340.11°  21340.04%° 04320.07°  0.5140.03°
J~F 8 C22:1n9 ND ND ND 0.7340.06 ND ND
P2 C24:1 ND ND ND 0.1340.03  0.0340.01 ND
YMUFA 33274°  2202#4.08" 33.08+.07° 44.1631.41° 3448H.07° 26.3940.92°
I C18:2n6¢ 15.944.14°  19.28#4.03 16.8741.02° 10.940.28°  6.7940.56°  11.4440.43°
-T2 k% C18:3n3 3314029°  6.0320.22° 6.9640.61° 173#.07° 4374053 9924059
y-TFRER C18:3n6 0.1940.02°  0.1740.02®  0.2440.04°  0.3640.01° 0.2340.03°  0.0640.01°
% HiBh C20:2 0.9440.11%  0.8320.07®  0.8620.1"  0.6640.04° 0.4240.02°  0.5240.04°
=+ =M% C20:3n3 0.2520.03° ND 0.6340.08°  0.1420.01° 0.4440.02*  1.0230.06°
— - fkBL C20:3n6 0.8240.06°  09320.11° 1.1840.05% 15740058 05940.05°  1.4740.07°
T v AR C20:4n6 4853044° 5334096 36740.23° 2824013 5983047  5994201°
Z+5% A MBL(EPA) C20:5n3 5564048  7.1640.46°  544045°  02320.03°  7.340.17°  52540.28°
4+ BB (DHA) C22:6n3  5.1840.49°  11.0440.61°  4620.63°  2.0320.11° 8.3840.46°  11.1740.97°
YPUFA 37.061.55° 50.7941.31%° 40.41#.16° 20.4440.08° 34494148  46.8543.39%
n-3PUFA 14.3140.76° 242340.81° 17594.02° 4.1240.14° 20.490.93" 27.36+.96°
Yn-6PUFA 21.84.34° 25724109 21.95#0.89° 156540.1° 13.5940.76" 18.97+42.16°
>n-6PUFA/Yn-3PUFA 15340.13°  1.0620.06°  1.2540.1°  3.80#0.15° 0.6640.03°  0.6940.05°
EPA+DHA 10.7540.67°  18.240.66°  10.0#0.9°  22630.08° 15.6840.55* 16.42:41.22°
SPUFA/YSFA 1264012  1.8840.17°  1530.15°  1.0440.04° 1.1140.07"  1.7540.22°

E: FUTHATA AR FE4 A TR 5% £ R (P<0.05), AR FEEATANLEENZF (P>0.05),
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Table 6 Correlation matrix of fatty acids in muscles of 6 species fish

Cl20 C130 Cl140 C150 C16:0 C170 C180 C21:0 C220 Cl41 Ci17:1 Ci81n9c C20:1 C22:1n9 C24:1 Cl8:2n6c C18:3n3 C18:3n6 C20:4n6
C14:0 - 0.948**

C15:0 0.889* 0.868* 0.914*

C17:0 - - - - 0.860*

C21:0 - - - - - -0.817* -

C22:0 - - - - - -0.815%  -0.929** -

c14:1 - 1.000%* 0948** 0.868* - - - - -

c16:1 - - - - 0.932%* - - - - -

C17:1  0.822* 0.922** (.953** 0.959** - - - - - 0.922%*

Ci81n%c - - - - - -0.877* - 0.889% 0.932** - -

C20:1 - - - - - -0.822* - 0.915* - - - 0.816*

C22:1n9 - - - - -0.924** -0.902* - 0.919**  0.830* - ¢ 0.890*  0.820*

C24:1 - - - - -0.838*  -0.828* - 0.871*  0.896* - . 0.901* - 0.973%*

Ci8:3n6 - - - - - - - - - 2 - 0.856* - - - - -0.831*

C20:2 - - - - - - - - - - - - - - - 0.888* - -

C20:3n6 - - - -0.921** - - - - - - -0.866* - - - - - - -

C20:4n6 - - - - - 0.866* - - - - - - -0.907* - - - - -

C20:5n3 - - - - 0.876*  0.973** - -0.904* 5 - - -0.881* -0.852* -0.937** -0.859* - - - -
c22:6n3 - - - - - - ; - . - - -0.888*  -0.852* - - - - -0.841*  0.885*
M CORTREGMK AR, facrr TR E (AKX A44r=0.800~0.899 ) F=ARE % (|r|=0.900~1.000) A8%.



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

ANFIRE BRI AH DG 3 45 SR W% 6, BT Hidmss
%, # 6 PAURZEMARIER, Hefdikelk. L
FEMWTF R RIL, fafkdh MUFA 5 PUFA & RIFHIMH
LI R, Hir C18:1 5 EPA il DHA 7 .35 il
PE, 0B = IR D R A fh A A m] AR T RS H T AR
AL BPEE, AR thZ Pl C18:1 5 EPA Al
DHA HA RIFRIFAHSENE (r=-0.881 1-0.888), H1[H
BERFEE (THERBEEREZSHERAR) Tit
H RIS SFA:Y MUFA:S PUFA Jy<<1:1:1B%, 4Rifi24
AT B AR & 45 R AR R LBl =, 2
AR RN AR . Bl B N A LA A
MM DTIR & & 8lm, JUH 28 PUFA & &kt
50%, 1 Hix =F# 8 s & EPA HI DHA, HAA1EH
ARSI TS, AT DARGF PR £ 4544
I TRARMIER. PUFA EE50 4 n-3 1 n-6 241,
TP RI PRI R AEA AR N A BEAE FLA Ak, Rtk
fi & A FATY n-6 PUFA/Yn-3 PUFA A LU
+rEE, WiEsR, Yn-6 PUFA/YN-3 PUFA A 4:1
] A Co I (BB T BRI 70%, 2.5:1 B mf LA
45 B e BB BRI A FRAIG,  (2~3):1 IhmT LA
il AR DG T 28 BB JORE R AR, (RELBIYn-6 PUFA/
Yn-3 PUFA o SLARE SR e SR A 5 0EY . 6 At L
W YNn-6 PUFA/YN-3 PUFA KT [E B 524 &7
(PHEHERBEEERZSEHERAE) FHREYN-6
PUFA/Yn-3 PUFA LA (4~6):10%, Jemimedlkasia s
H, AR, Yn-6 PUFA/Y N-3PUFA i 32 SRl PRIE 2%
MR, Bt — BRI

3 Zhip

P oK Rt Wfa . BLfR, A, RGN
LK L&A BAEWT . K 7o
ForE U L E IR R R L 2o 6 Fhfafll
WY HARESNEASE, HhRaHEASES,
ARG & 2%, FoEAANHEED SEYER: &
K. Se SEH il PIieER, PEA SRR R
DHA I EPA 4 Z AWM R FEE, Tn-6PUFA/
Yn-3PUFA [HEUK; AR AFEE, HlEH, L
AR IR B &y, BRIR I IR S TR &
SER P RERIOA R . sE L, AN 6 MfafE
FrFEE . RIESESE . T E SRR

B I AR

[1] 34k, mess, 2551 % 5 B AL F 95 K 34 £ (Larimichthys
crocea) i i R AIE 5 22 7 MR AT 9] AR & 8L ,2019,35
(10):92-101.

(2]

(3]

(4]

(5]

(6]

(7]

8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Ning J, Hu P, Li B, et al. Nutritional comparison in muscle of
wild, pond and factory cultured Japanese flounder
(Paralichthys olivaceus) adults [J]. Aquaculture Research,
2018, 49(7): 2572-2578.

Gong Y, Lu J, Huang Y, et al. Nutrient compositional
differentiation in the muscle of wild, inshore and offshore
cage-cultured large yellow croaker (Pseudosciaena crocea) [J].
Iranian Journal of Fisheries Sciences, 2019, 18(3): 497-506.
Fuentes A, Fernandez-Segovia I, Serra J A, et al. Comparison
of wild and cultured sea bass (Dicentrarchus labrax) quality
[J]. Food Chemistry, 2010, 119(4): 1514-1518.

Grigorakis K, Taylor K D A, Alexis M N. Organoleptic and
volatile aroma compounds comparison of wild and cultured
gilthead sea bream (Sparus aurata): sensory differences and
possible chemical basis [J]. Aquaculture, 2003, 225(1-4):
109-119.

BZF OK BB SRR VR R SR IK 22 S2[D]. B Rl
K2:,2011.

Wt B SOK R SR K A SRR B AL AT 0] B d
2£,2012,33(7):51-54.

REIGE X PIGRAS, T e, 55 LA R K B LA E FR AL AL
St Eeit L[] B e Lol A, 2016,37(3):359-363.

IR 3R ] K et B SBURFAE 73 AT B PR
PEREWF L [D]. i FHRIEAE K 2,2019.

MRYEES S, 2Ry, 5.6 Pt g LA i s A i AT R 4
B R AR A 73 W3] o [k i, 2019,44(10):29-34.
Pyz-Lukasik R, Chalabis-Mazurek A, Gondek M. Basic and
functional nutrients in the muscles of fish: a review [J].
International Journal of Food Properties, 2020, 23(1): 1941-
1950.

Bogard J R, Thilsted S H, Marks G C, et al. Nutrient
composition of important fish species in Bangladesh and
potential contribution to recommended nutrient intakes [J].
Journal of Food Composition and Analysis, 2015, 42: 120-133.
Reksten A M, Somasundaram T, Kjellevold M, et al. Nutrient
composition of 19 fish species from Sri Lanka and potential
contribution to food and nutrition security [J]. Journal of Food
Composition and Analysis, 2020, 91: 103508.

B, M BRET, AR K NI, A B K R A AR TR O o
Hr 5P [I]. 7K = F}42,2019,38(1):40-47.

Skalecki P, Florek M, Pyc A, et al. Comparison of
physicochemical properties, fatty acid composition and
mineral contents in common carp (Cyprinus carpio L.) fillet
and the native traditional product carp ham [J]. Polish Journal
of Food and Nutrition Sciences, 2016, 66(4): 311-319.

35



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

36

Skatecki P, Florek M, Litwinczuk A, et al. Utility value and
meat quality of rainbow trout (Oncorhynchus mykiss) with
regard to the weight of fish [J]. Scientific Annals Polish
Society Animal Product, 2013, 9(1): 69-73.

Zakes Z, Pietrzak-Fiecko R, Szczepkowski M, et al. Slaughter
yield and fatty acid profiles of fillets of pike (Esox Lucius L.)
caught before and after spawning [J]. Archives of Polish
Fisheries, 2015, 23(4): 231-235.

Ligaszewski M, Weglarzy K, Pilarczyk A, et al. Relation
between the profile of major fractions of unsaturated fatty
acids in common carp meat (cyprinus carpio L.) in the second
year of life and their profile in zooplankton [J]. Polish Journal
of Food and Nutrition Sciences, 2007, 57(3A): 77-81.
FAO/WHO Ad Hoc Expert Committee. Energy and protein
requirement [R]. Rome: World Health Organization, 1973.

o [ TR B 2 R e TR S B AR T B
[M]Ab gt AR A A, 1991,

Hayashi T, Yamaguchi K, Konosu S. Sensory analysis of
taste-active components in the extract of boiled snow crab
meat [J]. Journal of Food Science, 1981, 46(2): 479-483.

Salles C, Herve C, Septier C, et al. Evaluation of taste
compounds in water-soluble extract of goat cheeses [J]. Food
Chemistry, 2000, 68(4): 429-435.

N, SR T, A RS R TR AR
[3].+F E ERi, 2019,38(8):163-167.

AT I, 2, 1 70,582 ™ GRS AR S LRV E TR 73 73

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

r5 R[] B 7 Aol 2%4R,2021,52(12):3311-3319.

BOPE T YL AR 0T SRR P R AT T [D]. G
Aok K 2#,2016.

5 R, EAP, EREE H R LA E TR AN [J]. K
FRl,2004,23(9):34-35.

R 8 B, 1A <6, A5 B L R £ SR L AT 25 B S B 3R
PUBON I FE[J]. P8I k1B BT, 2021,54(3):236-243.
Calabretti A, Cateni F, Procida G, et al. Influence of
environmental temperature on composition of lipids in edible
flesh of rainbow trout (Oncorhynchus mykiss) [J]. Journal of
the Science of Food and Agriculture, 2003, 83(14): 1493-1498.
Jankowska B, Zake$ Z, Zmijewski T, et al. Fatty acid
composition of wild and cultured northern pike (Esox lucius)
[J]. Journal of Applied Ichthyology, 2008, 24(2): 196-201.

hEE RS T EEREREFRRSHHRAE2013
FR) (M1 AL T A [ bt et 2014

Marventano S, Kolacz P, Castellano S, et al. Areview of recent
evidence in human studies of n-3 and n-6 PUFA intake on
cardiovascular disease, cancer, and depressive disorders: does
the ratio really matter? [J]. International Journal of Food
Sciences and Nutrition, 2015, 66(6): 611-622.

Wang F, Ma X, Wang W, et al. Comparison of proximate
composition, amino acid and fatty acid profiles in wild, pond-
and cage-cultured longsnout catfish (Leiocassis longirostris)
[J]. International Journal of Food Science and Technology,
2012, 47(8): 1772-1776.



