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FEXG, RINE ZARMET . B SORAR I . HERE G 45 B 1 BB I E T IEACE TRy . AR
G R AR R, IR RPN R R LB T @R E R ME SRS ol. &R Mt
TR 07 1) 25 i e G DR A 2 (P<0.05) (Br Edi/ MA ), 7K 43 . ML FUAHUIR 73 7SR BT . ASTR]HE
& MEAG f 3SR 17 A EEERR, RSN 20,70, 17.90. 20.18 g/100 g, HLrR AR GR35 {5 1t (2.88 g/100 g)
Him, FUORREHAIR, H 1.95 ¢/100 g, EEEIREIER N F LAy, Mgt & 7 ufFaitm, &8
T AR, TR RSEIR ST AR E 4T o 64.01%~65.45%, ¥IFFE G ERRA A ZURIH B T A
2[4 (Food and Agriculture Organization of the United Nations/World Health Organization, FAO/WHO)#f47 1Y B
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ABSTRACT: Objective To compare and analyze the nutritional value and safety of different specifications of
Myxocyprinus asiaticus. Methods The basic nutrients, amino acid composition, heavy metal content and veterinary
drug residues of small, medium and large sized Myxocyprinus asiaticus were determined by national standard method,
high performance liquid chromatography and inductively coupled plasma mass spectrometer, and the amino acid
nutrition and heavy metal pollution were compared and analyzed by different evaluation systems. Results The changes

of crude lipid content in Myxocyprinus asiaticus were significant with the increase of body weight (P<0.05) (excluding
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minimum body weight), but the changes of moisture, crude protein and ash were not significant. All 3 specifications of
Myxocyprinus asiaticus had 17 kinds of amino acids, and the total amount was 20.70, 17.90, 20.18 g/100 g,
respectively. The average content of glutamic acid (2.88 g/100 g) was the highest, followed by aspartic acid
(1.95 g/100 g), which was the main component of amino acids of umami flavor. There were 7 kinds of essential
amino acids in Myxocyprinus asiaticus, of which lysine was the highest, and the percentages of essential amino acids
and non-essential amino acids were 64.01%—65.45%, all of which conform to the ideal protein pattern recommended
by Food and Agriculture Organization of the United Nations/World Health Organization (FAO/WHO). According to
the results of amino acid score and chemical score, the first limiting amino acid of Myxocyprinus asiaticus was
methionine+tcysteine. The essential amino acid indexes of the 3 specifications of Myxocyprinus asiaticus were
101.99, 90.16 and 98.51, respectively. The 5 kinds of heavy metals, including Pb, Cd, Cr, inorganic As and methyl Hg,
were all in line with the national food safety standards, and no veterinary drug residues such as chloramphenicol and
nitrofuran were detected. Conclusion Myxocyprinus asiaticus is a kind of high value fish with high protein and low
fat, ideal amino acid composition, and safe to eat. The crude protein, total amino acid and essential amino acid index of
small size Myxocyprinus asiaticus are the highest, and its nutrition value is relatively higher, the most edible value.

KEY WORDS: Myxocyprinus asiaticus; specifications; nutritional analysis; safety evaluation; amino acids; heavy metal
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BRI T L B, ARG fa X K AR P R I A2 BRI TR
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M)FIZNT750~1000 g, %i'5 S) 3 FIHUAR (), RFIHLAK 3
o WURFRURR RO IA RS (25 B BRI, TBUNLEA |
B SRR ORRR A 1), T-18°CT A, .
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17 s BB IE A AR W W (1 mmol/L, #t 5
A21060131)(3z B TR FBHE B A RS T ); p-202E T R (4
JE=99.3%, b5 F0035226)("2 WA A% L i A MRk A IR
Fl); BAICE AR ME VA WE (1000 pg/mL) [CA(#tS GSBO4-
1721-2004), Cr(#t*5 GSB04-1723-2004). Pb(#t5 GSB04-
1742-2004) . As(Ht5 GSB04-1714-2004) . Hg(#t 5 GSB04-
1729-2004)] . HfiFRAR AR HEV T (L5 CDHK-GBW08667).
WA ER MR AR AE MR (15 CDHK-GBWO08666)(E % A {4.4x
J& B AR HTIR A L), AR (G =99.8%, LS
04ZN-ZMAK)(H & dh 25 5 A 2 WF I 58 ); il 2 1k g 4% 15
YHR SR (100 pg/mL, #t5 31011XM). T4 B
(99.9 pg/mL, #HtE C0006985)[ 2 s i (AL ¥R A BR
oyl ]y 23 FhOE R OR 4 bR ME B W (100 pg/mL, #Ht5
30759XM) . 16 Fvb BIR A AR HER R (100 pg/mL, #t5
S063719)(KH:RT /RIEFHE A BRA /), Wi (thgest, db
TALERFIBIT D), SEE FK R 25 B ek, Hofthists)
B R Al (R
1.2 EENEE

ACQUITY UPLC H-Class 8 585 AR (AL (e A
TSI R AT Empower (A% TG )(35[E Waters
2y F]); TSQ Quantum Access Max A B B A AN
ICAP-Q YL MG % 5 F i (32 E Thermo Fisher
Scientific A BRZSF]); LC20A-AFS9560 HRAH-I T
JETFAE ST IGERATBR 2 Wl ); MARS6 B i st 1 A
(% CEM Z2#]); SOXTECS8000 %4 [ Sl il & 1% |
Kjeltec 8400 74> { #Ell & AL (FHE FOSS JMrid#so
F]); Milli-Q Advantage A10 B8 4l7K L3 E Millipore 23 1l);
SQP Sartorius %17 432 —HF K- (18 [E Sartorius 24 F).
1.3 5 &%

1.3.1 ARETHRARS

KSR GB 5009.3—2016¢ £ id 2 E R ARE £ dh
ROK A B E ) P EE TR E; MEAKRH GB
5009.5—2016 ( B REEEZnE &R TRERARMIE )
L AR, R AR RS A S R
F=6.25; HLIEW R H GB 5009.6—2016¢ £ & 2¢ 4 [F F b ife
BRI I E ) R IR E; HIKRA GB
5009.4—2016 (& ih 2 ZARUE BSOS E )
B — YR
1.3.2 & ABR L N E BN

FIERRK R S IR /N2 P ik, FREL 0.5 g BERD
Jir6 mol/L $h1R 12 mL #FF7/KME, K5 R S0 K ik
(phenyl isothiocyanate, PITC)M:RIATAE, Z8i =08 AH ik
AT B AGN, o of p 28 v a

MY B AU AR 21 2Nt B T8 A 4 4 (Food  and
Agriculture Organization of the United Nations/World Health

Organization, FAO/WHO) 1973 4F @i i & FEBR T/
BAMEGEEA RN AEREA, (TEZAERIT S
(amino acid score, AAS). k224> (chemical score, CS)Al
EAATEY, LA (1)~(4):

FRUEAR 20 R B il /(mg/g)=F R & 1 (A, %)/

HLEE &5 (BERE, %)%6.25x1000 (1
AAS=Fp i B 20T Bl I A & b & LR 7 & /(FAO/
WHO) I3 i AR 3 b [F) Fi a2 J R r o (2)
CS=FrufER T Bl EE 5y P EE R S /2B EHEA

[l P R i (3)
EAAI = %/100a x 1005 x ... x 100i (4)

Ko n AR LTFEIERANE a. b . RBEIIEE
i R S PN TR A SRR Y CS fH.
133 Z&EMNE

Z: WEORFR A= SOV PR e RS R A L A L B R
TCHLA R BRI i
134 £HKRGMNE

2 BRI 3% S I v I s B i U L Tk
W RS DR ORT G R A 2 R
1.3.5 E&EFFITN

53 R FH BRI 105 Y 4R BOE MM B 25 AT e e 8K
PRV OV A g e E 4 T TS Y A TR A
14 HIEALIE

K F Microsoft Excel 2007 FR{4-4bHEIN & 50 ds, 45
DL {E bR e 25 37, FIFT SPSS 20.0 X4 4T 5%
PESTHT

2 GER5HH

21 BEEXEFBSAH

ANTRIRIAS AR f ) HEAS B TR O i i3 1 R, K
Sy N 79.16%~80.01%, 15 2 #& ARG £1(79.64%~79.65%)™!
KA Y, IR T B (70.96%~75.68%) . R I fif]
(74.80%) . 5 £1(70.15%) FIfii 61 (76.43%) 7 fa 20
N AR R TR, MR (1 i m AR PPN 8 3R gy
MR ERYE, R 1 AT 0L, R[RIELARS ARG f e R o
R 17.44%~17.89%, 5 IAWIRIK MR K AR LY, 55T
B (15.37%~15.87%) . KV (15.85%) . 1 JE i) s
(13.81%)! SV Fi1 % 48 (16.38%)", W& A% T Fk JJ #1(21.10%~
22.53%) 7 45 G g A0 2, 5 % R £ (17.25%)20 A fa
(17.39%)2 4124, KU &R 0.31%~1.21%, EitftT+
REHRAK AT BA R E AR R, i
AR G AT I B S e B A B . R 325 e,
INFTITA S 75, MR fa PR K 73 & 52 0.99%~1.20%,
HHojal | w4 POV 2k 2, H
VAR T E A Anh i £.(2.79%) 2, 33 B A £ JULIA
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A BB A, TSz TS R AR EAORE,
ANFIRURS RS 01 4 BhEEAE IR R, BROHLIG W 9 5 i
ARk i A 3 O AR A B A (P<0.05) (B 25 fre /MAER),
Ho 3 Mg TR L EAWIE .

x1 TEMEIREENEREFRE D EEH, n=3, %)
Table 1 Basic nutrition composition of different specifications
of Myxocyprinus asiaticus (fresh, n=3, %)

MLt K5y ik e HLIE V7 iV Ty
S 80.01+0.28°  17.89+0.08"  0.37+0.02"  0.99+0.03"
M 79.73x0.13°  17.44£0.01°  0.31£0.02"  1.040.09°
L 79.16£0.36"  17.65£0.13*  1.2120.18"  1.20+0.02°

T SR /NG 55208 22 53¢ 135 (P<0.05)

2.2 REBBARSHT

AN [ A R B f oK A S R RR 2H W S S SR 2 B
7w, BRI S AL TR RSN, JLAy 17 Fhad SERmR A i,
FLEE N 17.90~20.70 ¢/100 g, “F-H13% 2 19.59 /100 g, /I
FURS 09 IR i f0 2 R it ey, LU KA, W B
253 (P>0.05), {H34 1 3 5 T A% (P<0.05). A
Mg AERSERENIAAR, SN
2.61~3.07 g/100 g, “F¥ &N 2.88 ¢/100 g, HKERA
IR, SN 1.79~2.06 g/100 g, F-HI& K 1.95 ¢/100 g,
O350 IR MR 14.70%F1 9.95%, 1 5 B T AR 2500
2 IR RSt L R SRR (RIS 2 SR SRR N
HRERR, FB&RACH 0.51 g/100 g, /& lL AR 2.60%.
R, R 17 Fha R Rl p-24 258 TR & &>
0.74~0.83 g/100 g, V& 0.79 g/100 g, 7 Hb B IR
T 4.02%. p-2 5 T IR N — PR PR AR, JE
PRI A SRR, B R . POBRE . BRI
PRIFE . AR HEIERR 268, B AT T80 A & il J5oE iz
R4 258 iy e 12324

M 2 FTAL ASEIRLAS IHAR 6 S 7 R AT 5
MR, Fih 6.99~8.19 g/100 g, I &N 7.70 g/100 g.
W T S TR i DN v BIIRAR YR Ry 61 22 R > 2 > ) 2 >
W B> st W B> AR N A B> IR, & e 2
TR 7 S R Y 8.92% . AN[FIEIAR B AR foh 75 2 JE MR
% Kt R & 1= (essential amino acids/total amino acids,
EAA/TAA)I T 43 H 2l 39.03%~39.56%, 3 FHLME RS 4 5
Iy 25 AN .2 (P>0.05), 28T FAO/WHO Frifi bt
RIEER PR ML E (EAA/TAA=40%), T 3 % HILTE
PR 55 AR DA F5 2 JE R 7 1 (essential amino acids/nonessential
amino acid, EAA/NEAA)AY H 73 Eb K 64.01%~65.45%, 255
i 3 (P<0.05), #iE & T FAO/WHO #5 i o i ML 2
(EAA/NEAA=60%), I NMAsfahZEREYIER .
By, FORAR N EAR, 15 R AR T A R B g

SERARL

B3 HE R 1Y A AN AL R E W) S5 7 SR AL, ) N 52
M L KUK G o o AR R 2 R R ORI AN R], 43 Ay i I
MR, EHRSIERR | 75 & R E SR A R G SR 0, 3 R
MMRRE L, BEREIERR 2 o 6.46~7.38 /100 g, & T
UKt (titn | te | Fofa)!T S pEea | B R4S
THRE MR T8N 4.95~5.91 /100 g, FFEEEIEBR 8N
1.35~1.56 g/100 g, IR FERR & 2 5.29~6.13 ¢/100 g, fiF
TR S SR E N K 7= v B R LR, T 2 (R
AR, o AR S BE R U] 1 DAy IXUIBA I i ) 4 P HL Y A R,
RIS R o SERR AR, b RS fa BRI T fof S k7,

®2 TEHERIE SN REBRAREE, n=3, /100 g)
Table 2 Amino acid composition of different specifications of
Myxocyprinus asiaticus (fresh, n=3, g/100 g)

AIER 2R S M L
KA 2.00£0.10°  1.79+£0.04°  2.06%0.06°
HEm 2.97+0.18"  2.61£0.02°  3.07+0.02°
MR 0.60£0.01*  0.53+0.01°  0.59+0.04°
225 W 0.79+0.05*  0.70+0.01°  0.79+0.04°
KRR 1.37£0.07*  1.19£0.01°  1.34+0.03°
HaEm™ 1.20+0.01°  0.99+0.07°  1.05+0.07°
A 1.30£0.06°  1.01+0.21°  1.27+0.02°
-0 1.2140.06°  1.07+0.04*  1.19+0.01°
i R 0.81£0.02°  0.66£0.02°  0.73+0.01°
P S R 0.73£0.04*  0.64£0.07°  0.67+0.06
e 1.12+0.05*  0.97+0.03*  1.06+0.04*
HH it 2 R 0.53+0.09°  0.52+0.14*  0.49+0.11°
oA 1.07+0.05*  0.90+0.02°  1.01%0.03*
SR 1.54£0.09°  1.29+0.02°  1.46+0.07°
=Nz ND ND ND

IR 0.83£0.03*  0.71£0.01°  0.76=0.02°
R 1.7940.05*  1.60+£0.06°  1.85+0.09"
PR TR 0.83£0.00°  0.74+0.03*  0.79+0.03°
EAA 8.19+0.23"  6.99+0.12°  7.91+0.19"
NEAA 12.5140.35*  10.92+0.25° 12.27+0.27°
B DR 2 LR 7.38+0.22°  6.46+0.14°  7.37+0.10°
Ak s 5L 5.91+0.12°  4.95+0.09°  5.62+0.09"
R AR 1.56+0.04*  1.35£0.03°  1.43+0.04°
TR R 6.13£0.10°  5.2940.08°  5.98+0.10°
TAA 20.7040.52°  17.90+£0.40° 20.18+0.36°

(EAA/TAA)Y% 39.56" 39.03° 39.20°

(EAA/NEAA)/% 65.45" 64.01° 64.47°

TE: FORBEREIERR, RN MR E IR, SEORTHIR AR, R
WA, | FoR IR ERER . FTARRNG P RRRZER B
#(P<0.05), ND F/R R TRz, £ 4. 5[,
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23 REBTFH

AAS I CS SV i 2 1 B SR 0 [ = IR 5 4R
by, HHCEBETEERT 1.00, 20000 ZIERR I 4L
i, SRS, M-S FAO/WHO 12 5L FRAR 55k
A EE AR ENT L RTEHURS RS i AAS. CS H5 4k
AR 3 Frs . RYE AAS 134345 AT, 3 FiAk IE B £
o R A R R AAS (HEAIK, 4 0.79~0.85, ZM 5
55— BRI PR R R, HiAY 7 Rl i LRI I8 KT 1.00,

Wi R £ P DA f 2 L IR 2 PR AR B LR . CS 15 704 R I,

3 iR IR £ A 5 — BIR il 2 S R th 2l 35 B A R (R
TR A FR+DEER), /NS F B R 26 — R R N
SREATR, KA R A £ 0 55— BIR o 1 e R Ol R T R+
Pk 2R . 3 Fh AR NG £ b 25 2 AN 2 R 7 o 3400 i 3ok
FAO/WHO 4388 85 A (e, & FMNAg T L
RIS A Y SR B AR . HaERE=, &%
TEE M . EAAL BUE IR/ INAT A8 & 8 R LR R s
K, BUEBR, 2 IR 00 AR EAAT M HT 4 SR R,
JINHIAS R 1 EAAT fE A% &0 101.99, KHLKE A 98.51,
HAK% N 90.16, it TR O Bl RAKH B
BP0 g6 P8 5 et £ PR 2, X — 25 SRR A
R KA ORI, RIS/ NHLAS R AS f0 00 2 8 R0
{RLARS T 7 o
24 ESEREWKEBER

AN TR RIS BB £ 7 B4 1 LUK 4 TR, Cd Al Cr 2
P& @ ARG, HARTE &8 AR RR A ) HL25 5 1k
#(P<0.05). 3 FlALB IR B As S EEe, 25048

1.270. 1.390 il 1.600 mg/kg, % EF|E As FHAHL As FITG
Bl As PIERA 4R, ToHL As B ML As #EPEsR HoK ™ fheh
WUARIRAHL As o EP St Hpt 47 7 Gl As & I E,
GERPIRA N HJE Pb J0E, &5 IEACHE,
RS RER, SR, 435008 0.072, 0.099 Al 0.140 mg/ke;
3 LS AR i f A S Hg (0.040~0.065 mg/kg), H
A BRI 2 Hg

RSk, RS IS A E 4R 529/ 5 GB
2762—2017 (&ML ERRUE &5 5 Y R ) s
YEMLE (CA<0.1 mg/kg, Cr<2.0 mg/kg, Pb<0.5 mg/kg, J&
Ml As<0.1 mg/kg, I Hg<0.5 mg/kg); R, 7EA TR
K ARG f P oA SRS 2 . ARk . RS . D RS
AR R S A A2y, 28 LRI 74
PR
25 PREEBESREISHEITM

PRl £ 2577 i B4 As L, Heg JCFRBRLE, HORIN AT
B, OREHLAS G fa 2 4R o N 5 e R B (P RIZE & 15
PFREU(P)EE AN 5 FioR, 3 R IR AR (i P B 3R
0.14.0.20 1 0.28, ¥ HLPHFI5 Y8 B(P) FEM bR R =2
159 P<0.2; BRI 0.2<P<0.6; FEIGYL 0.6<P<1.0,
GG P=1.0) e AN /B IR S fa ok 52 B 4 )@ 5
Y, RIS R MRS £ 32 Pb B2 fi5 L, X ATREIRCH
B 5 3 FELKE MG AR P (B9 0.10, 0.14 il
0.20, H4lE AR E L5615 8 B (PN R HE(P, < 1 ETS
e 1<P, <2 RJET5YY; 2<P, <3 HETGYY; P>3 HIETTHY)
FIZEA VT 3 FoA IR AR f 1A 32 T 4 @ 5 4

®3 TEMEEEENEERITS

Table 3 Amino acid score of different specifications of Myxocyprinus asiaticus

e FAOWHO 4 > ¥ =
AAS CS AAS CS AAS cs
TR 250 292 1.83 1.56 1.45 1.24 1.80 1.54
i R 318 410 1.24 0.96 1.10 0.85 1.18 0.92
i R+ R 220 386 0.85 0.48 0.85 0.48 0.79 0.45
SRR 250 331 1.50 1.14 1.29 0.98 1.43 1.08
AR 440 534 1.23 1.01 1.05 0.87 1.18 0.97
RNA R+ R 380 565 1.44 0.97 1.28 0.86 1.34 0.90
PIEAN 340 441 1.85 1.43 1.69 1.30 1.93 1.49
EAAI 101.99 90.16 98.51
T -FR TG,
F4 TRAMBAEENESRES 2 EH, n=3, mg/ke)
Table 4 Heavy metal content of different specifications of Myxocyprinus asiaticus (fresh, n=3, mg/kg)
FAE Pb cd Cr B As Tl As & Hg H 3k Hg
S 0.072+0.010° ND ND 1.2700.050° ND 0.065+0.010° ND
0.099:+0.010° ND ND 1.390+0.080° ND 0.050+0.000° ND
L 0.140+0.020° ND ND 1.600+0.040° ND 0.040+0.010° ND
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x5 TENBEEEESREEHETSRERNESSREYR
Table 5 Single factor and comprehensive pollution indexes of
heavy metals of different specifications of Myxocyprinus asiaticus

Pi
ks Pb cd  Cr  KHLAs  HIK Hg P
S 014 ND ND ND ND 0.10
0.20 ND ND ND ND 0.14
L 0.28 ND ND ND ND 0.20

3 wiesge

R A S TR R £ 28, AU B f
i, WEAMRESWEHANE. W& AR &S am ki,
JLAf 2 TSR & B TR S| T REH 25 . AR 28
ST, AWK R NG £ %) 25 AR R BAR o 25An e, TR R
Mg fay, HETEL . S Ebds 535508 5 T
B3z, THBE IR AT B

PRIl ASBF5E 5 FH R (1500~2500 g) . F1(1000~1500 g)
/IM(750~1000 g) 3 FiEAR 1) I8 A £ g L IEACE SR A &L
AN, ELE T EMENRE, 450NN 3 FhaliE
RE fa B R I 2 2 BE T R 1S AR B 2 AN (P<0.05), K AT
FHEE VR IR A3 W AR AL ASER S o AS RIS IR T 8 P 357G 1
17 iR, HAPAER AR LR & i A 5 R
] B s 2 T B R e SRR, Aol 5 L R B R
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