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Abstract: In order to compare the nutritional composition and energy density of Megalobrama terminalis populations in
Wangquan River, Moyang River and Xijiang River, we applied the biochemical analysis methods to determine the contents of
moisture, crude protein, ash and crude fatty, as well as amino acid and fatty acid composition and energy density of the muscle
of three M. terminalis populations. The results indicate that the Xijiang River population had the highest crude protein mass
fraction [(20.2£0.5)%], while Wangquan River population had the highest water mass fraction [(79.0£0.5)%]. The energy densi-
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essential amino acid index (EAAI) of Xijiang River population was higher than that of Wanquan and Moyang River populations.

We had detected 23 kinds of common fatty acids in the muscle of three M. terminalis populations. The content of monounsatu-

rated fatty acid (MUFA) in the muscle of Wanquan River population was the lowest, while the content of polyunsaturated fatty

acids (PUFA) of Wanquan River populatin was the highest. The DHA content in muscle of Xijiang River population was much

higher than that of Wanquan and Moyang populations. Potassium (K) and copper (Cu) had the highest and lowest contents

among all the mineral elements in the muscle of three M. terminalis populations, respectively. The contents of ferrum (Fe) and

manganese (Mn) of Xijiang River population were significantly higher than those of Moyang and Wanquan River populations,

but the content of zinc (Zn) of Xijiang River population was much lower than that of Moyang River population.

Keywords: Megalobrama terminalis; Nutritional composition; Mineral element; Amino acid; Fatty acid

] Z: 8 (Megalobrama terminalis) J&— iy Tin] 5% fA
%k, 1EFRER K R A Al A e JRIE
FHKRERZH, A T 20 ZER, mAEE L
2T T SRR R A N RGN EE R R Z
BT R WO IR R R, R, P T
W= A PR B, XF ) AR AR A s A5 P A T —
SEFM . Chen 255 $5 11 3 AN AR ) MU BRI A5 R IR 4 50 A Bk
VL AN T 5 3 SR TR, IR R AR B A AR
[F) 14 3% 7K A L b o 3 B T I A N A Al . X L
AR RN, SZHILMG . PO . G RHERIA S
WRERZSIEZ, SRR MR R AL B 57
WA b RERE T AR AR AR AR S o RN, N[ 2R 77 b 3
FEEALR B SR R S B E R M AR, Har, X
IR 2 AE T RIBIR . SR E. AT . ¥
BEAREMG  IAAERAETE, EXRIR ) AR W R LA
BFR N FIRE i % BT o R DL ARIE . i T ARG 3
AW (KRR TR . AUERIE, KI59s . o BT
), BRTLBFAE R FREECRIESE T, T
SR AR AR U S BN R B AL, AL
Bl JAT R AR . VL. R YL AP 2 X DA B A AR
O, ASBFFEINE T J7 5% BERHTL . VYD) AR R AL
WEFRN MRS, WA E I ARG E

TRy 2250, A R 90 40 288 IR 2 M RE 2R 25 24 WE e A4
B, AR AR S 10 B A B ) 3 S DR RS B
FHERER AR

1 MREIE

1.1 HARE

2020 4 6—7 H 4331l 1 B 44 Bl T T SR T Bl B
(QH, 110°27"36'E, 19°12"36'N) . J* 44 BH T i 5 pH T BE
(YT, 111°42"2'E, 22°48"7'N) DL K ) A& DT ERIL T (W4
1) BEPEITEE (ZQ, 112°24"35'E, 23°5"24'N) RAEF] 150 B
AR5, £ RFES S0 B (. i 25 BB) o RAIMA K4
BEASCI e JBORE A K L . #REE . R4 (Dissolved oxygen,
DO) Fil pH, FFIN AL G R RIAR T G, SRAE S 1 R85
GEABEAR Y A LR 1o R AR A AR,
T=20 CRVRIAT, B IS 280 C R 17, RETT
bR BOULIA (R REAEAR TR BR4E 20 g LA FH TG
PG o A TR R T 23 48 o ok MG Bt A 0l E AT
W, LAY E 3NEE, BAEEE 10 BHEA (5
FRLAHE ) o
1.2 lAEFERSFREZENEFE

FEA KA 52 R FH GB 5009.3—2016; HLEE 14 %
1 GB 5009.5—2016; il >k H GB 5009.4—2016; JK

R 3N FREHIBEMHIEEMEERMEAEYFER

Table 1 Basic environmental information, biological information of three M. terminalis populations

SRAE A5 Sampling site

£zt
Index Bt QH WYL Y) P 7Q
RIEFE R Environmental index 7K Water temperature/ °C 30.0+0.2 29.240.4 28.6+0.3
EhJE Salinity 0.030.01 0.0140.02 0.01%0.01
Rk pH 7.740.3 7.940.3 7.840.3
VA TR EE DO/(mg' L) 6.8+0.2 6.740.2 7.040.2
HW2EFE R Biological index A% Body length (X+SD)/mm 233+17.6 253+20.7 271+27.3
A& B it Body mass (X+SD)/g 354+19.4 424+33.1 521+30.1
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SR 5E R GB 5009.4—2016; 25/ & K A GB
T5009.124—2016; JEIiERMIE K H] GB 5009.168—2016.
R SRS £ 45 B TR IS X (7700 Series) #KHl GB
5009—2016 PMEFEA P (K). 45 (Ca). 1 (Na). B (P).
BE (Mg). 5F (Zn). £k (Fe). i (Cu). % (Mn) &0 T E
i, WRIEAS B S/ A T A AL (FAO/WHO)
$RIF 1991 AR [E TR B2 2E Rk B IR S B i AR ST
P E BRI A, TR AR (Amino acid
score, AAS). L2345 (Chemical score, CS) b5 & FElR
$5%1 (Essential amino acid index, EAAT) ®""', Phillipson f &
fiE 5% (Gentry Instruments Inc., Aiken, South Carolina, USA)
W 5E RE =25
1.3 HiESH

KU AR %7 224307 (One-way ANOVA) K3 AR 4R

Gy 3t BRAPRE LA B FR A3 2 5 W M . 22 S W38, DR
M2 &\ IR P2 R 2R, KR
0.05, BHE/M TR SPSS 19.0 SEH W4T . SEUBUIR 1
AR ER (X£SD)” FR. KA R (3.1.14) %}
3 AT RGN A AW 25 S T B30T (Princi-

pal component analysis, PCA),
+
2 4

21 —REFHDMEEZESN

T3 R AR 5 L PR 7K 53 B e 0 R T PR VAR
TR 15T 5 43 K00 S 35 TP VAR (P<0.05, 3K 2).
R 105 FJK 43 JS 20 B0E 3 A B R o 3 01 I 3 22
Sto VHVLRPRENLPY AE 2 2 i T SRR PR R
(P<0.05),

R2 3N HREGHIEHBFNAPH—REFHIMNEETE

Table 2 Nutritional composition of muscle of three M. terminalis populations

JARGiFEE M. terminalis population

WiH

ftem BifE QH BT Y K 7Q
JK A3 i i 4350 Moisture mass fraction/% 79.0£0.5" 78.240.9" 77.0£0.6"
FELZR [0 T 404X Crude protein mass fraction/% 18.3+0.5° 19.140.7" 20.240.5°
HLUIE D BTE 434X Crude lipid mass fraction/% 1.240.1 1.1+0.1 1.3+0.1
HLUE 53 55050 Ash mass fraction/% 1.1+0.1 1.240.1 1.240.1
fiE %5 i Energy density/(kJ-g ') 3.120.1° 3.240.2° 3.640.2°

T AT EART BoR 2255 B3 (P<0.05), TR,

Note: Different superscript letters within the same row indicate significant difference (P<0.05). The same case in the following tables.

22 KEBRAM ST EITEMN

3ATTAR G PRGN 18 FhE ISR (55 3).
PUYLAREEALIA A %) 8 SR 7 i (Total amino acids, TAA)
e, BEPHYLARERIR Z , T IRTTANRE ik, 7R 2 IR
(Essential aamino acid, EAA) W, PUYTRREEAYHE & 02 FlSs
TR Fr B 35 = T T SR FPRE (P<0.05), BEFHYTRREEA T M
Bl RREIER T, FEIMEILA TR AR . &
AR . HERMNE RS 8 E S T I R AR (P<
0.05), VB FHYLANHE LA b b il Z AR SV SR (EAA/TAA)
i, MPETTARE R G, EAREIERR S Z SR (DAA/TAA)
FE 3 AT IR BRFPREALP P IC I 22 5 O A SRR 3
HEREIER (BCAA/AAA) TEJT RITARENLA e, BEFHIT
FRRERZ, VEVLANEERAR . K 3 AT AR B RFPREALPA
EAAI SEATFRUER L (FAO/WHO) A3 2R P izt 2 A
WM (% 3), 04 EAA 9 AAS. CS fil EAAIL
(F4)o JIIRIT . BEBHTTAIPG VT AN LA P 05— B v
SRR A AR E R, B BRI SRR R,

4% EAA 1) AAS 3T 15 45 EAA 1Y CS 55 AAS 25 54%
Fe—2 3N ARG A RN T EAAT 3K 80 L |,
VIR RR 2 A3 Y . R PETIAVEEILIA EAAT i
= (85.05).
2.3 BRRAERAR ST

3 ARG AL R A Y 23 e DURR D AR
(F5), HraiE 7 FEFARNITR (Saturated fatty acid, SFA)
7 PSRRI AR (Monounsaturated fatty acid, MUFA) Fl
9 Fh Z AME RN R (Polyunsaturated fatty acids, PUFA),
SFA H1 C14:0, C16:0 1 C22:0 Z£J7 RIMFEEALIA F AT
2 TR VL R PG VLR RE (P<0.05). J3 SR I FPHENLIA h
MUFA i i F KT P IR B T Rp B (P<0.05). Hr,
C16:1, C18:1 n-9t, C18:1 n-9c FEFITTRPFENLA b5 i
. MAETT SR FPELIA & k. C22:1n-9, C24:1
FEPEBHTTAPEE LA Hh & i i 2 AR T PO VAT SR AR 7Y
TLAPEENLA T — A RS A BR (DHA) iR, WEET
J3 SR B PHYTRIE (P<0.05), PUFA 7EJ7 S AP EEAILIA
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Table 3 Comparison of amino acid composition of muscles of three M. terminalis populations

JIRIG5FEE M. terminalis population

TiH

ftem B QH BT YT MK ZQ
RKAEIR Asp 1.80+0.04° 1.82+0.07° 1.99+0.05"
R Thr 0.80:£0.02 0.80+0.03 0.86+0.04
YRR Ser 0.720.02 0.73+0.03 0.80+0.04
BER Glu 2.7840.06" 2.68+0.10" 2.9940.14°
%R Pro 0.61%0.02 0.63%0.02 0.66+0.04
HH&mM Gly 0.83+0.04° 0.87+0.04® 0.97+0.06"
N Ala 1.0620.02° 1.09+0.03" 1.18+0.08°
G Val 0.85+0.02 0.87+0.03 0.92+0.04
AR Met 0.5340.01 0.53+0.02 0.57+0.03
Srna ™ e 0.7840.02 0.79+0.02 0.83+0.03
FER Leu 1.4140.03" 1.4140.05" 1.5240.05"
e Cys 0.11%0.07 0.19+0.03 0.43+0.15
me R Tyr 0.620.02 0.61:£0.02 0.660.02
AR Phe 0.72+0.02 0.74+0.02 0.80+0.03
R Lys 1.73+0.05" 1.730.09" 1.87+0.03"
HE 2" His 0.4240.01 0.45+0.04 0.48+0.05
KRR Arg 1.07+0.04 1.07+0.04 1.17£0.07
58" Trp 0.2740.04 0.35+0.03 0.3740.05
IR N TAA 17.11+0.58" 17.37+0.69" 19.07+0.57°
TBREHRLRR M DAA 6.47+0.06" 6.4620.08" 7.13+0.07"
Whits E IR /AE Wit Z LR EAA/NEAA/% 72.41 73.03 69.95
W R BRI B RR EAAITAA/% 38.34 38.51 37.60
TR R SRR B IR SEAAITAA/% 8.36 8.41 8.26
TR IR S E IR BCAA/AAA/% 4.90 5.03 4.05

T # AREIEER; o FILH AR

*OIRREERR; A HEEER; € T HAER.

Note: #. Essential amino acid; 0. Semiessential amino acid; *. Delicious amino acid; /. Branched chain amino acid; 4. Aromatic amino acid.

TrERE, PELAERR ., IRBHITARE AL,
24 HRTEABST

3R b R FNEE LA Th B A E R R TR,
Ho K i s Bunm, CatkZ (3R 6). PHILAEENLA
K il Ca [t /0505 35 5 T 7 ST AR E 1T Na Al Mg Jii i
R0 8 AR T T SRR (P<0.05) 0 T3 R IR EEILPY
Zn Fim 80 & S T H LR VIR, 1 Mn Al Fe it
AR E LTSV PG TR (P<0.05).
25 3N REGMBEUITERNWER TS

LRG3 ARG AL TR, IFHEAT PCAL 7Y
VLR o3 A1 B 24 7 SR R BE SR TR RIS , T SRl e

BRI AGE . PCA JEEIRCT 2 A psr, X285

B EBTEREREN 80.25% ., Hi EMAS | WHIRER
50.75%, FRIT 2 HISN 29.50% (B 1),

3 e

LA R BRGNS (Y
FEERR' T 3 AT 2R ) T B UL PR PR 1 R 4
(18.3%~20.2%) = T 1385 (Megalobrama amblycephala)
#f (Cyprinus carpio). % (Hypophthalmichthys molitrix). B
L5 TR fi
o 3T AR AR EE L AL
RSN | B 0. BE
K Al of

(H. nobilis) MR (Ctenopharyngodon idella),
(Culter alburnus) 433"

MBI (1.1%~1.3%) 1A 3k 5
W (Siniperca scherzeri) SR, 5% WL
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Table 4 Evaluation of essential amino acids composition of muscle of three M. terminalis populations

I ZREFPE M. terminalis population

W AHR
Evaluation method Amino acids B QH AV Y) P 7Q

AHMITS> AAS JRER Thr 1.09 1.05 1.07
AR Val 0.94 0.92 0.92

BERR Trp 1.53 1.91 1.91

SIe R Tle 1.06 1.03 1.03

SEHIR Leu 1.09 1.05 1.07

iR Lys 1.73 1.66 1.70

KA TR Phe+BRER Tyr 1.20 1.17 1.19

AR Met+ [ BRE R Cys 0.82 0.78 0.80

A2EES) CS IR Thr 0.93 0.90 0.91
ARETR Val 0.71 0.69 0.69

&R Trp 0.96 1.24 1.31

Ssea R e 0.80 0.78 0.78

SR Leu 0.90 0.86 0.88

AR Lys 1.34 1.28 1.31

H MR Phe+ME &R Tyr 0.81 0.78 0.80

ERR Met+FBEERR Cys 0.47 0.45 0.46

Whis IR EL EAAL 83.31 83.37 85.05

3N T R EGHIR T ELAN P A R ER 4H A
Table 5 Comparison of fatty acids of muscles of three M. terminalis populations %
S| JAREFRE M. terminalis population

fem BiitE QH FHT Y 1K 7Q

R 5 R C14:0 5.36+0.85" 3.53+0.41" 3.4040.32°

AR C15:0 1.02+0.25 0.66+0.05 0.70+0.13
KR C16:0 27.33+1.47° 21.83£1.16" 21.80+1.99"

BROLHgHR C17:0 2.03+0.35 0.99+0.18 1.1340.33
T f5HR C18:0 11.34+1.79" 5.97+1.03" 8.14+1.65"
AEHERR C20:0 0.29+0.05" 0.15+0.02° 0.21+0.07"
AR C22:0 0.30+0.08" 0.10+0.01° 0.170.01"
SHIFE iR SFA 47.67+2.12° 33.23+2.85 35.56+4.35°

A EREMR Cl4:1 0.06+0.02 0.12+0.02 0.08+0.01
FEAENIR Cle:1 6.21£1.22" 10.45+1.73° 8.10+0.52"

J-11- = -fi— MR C20:1 2.3240.36 1.85+0.08 2.06%0.15
Ji-15-—+ DU — MR C24:1 0.27+0.09" 0.06+0.01" 0.24+0.10
SR C18:1 n-9t 0.21+0.05" 0.43+0.07" 0.35+0.07"
iR C18:1 n-9c 16.73+3.87" 35.53+4.35" 31.80%3.65"
T TER—HR C22:1 n-9 1.09+0.36" 0.11+0.03" 1.03+0.61°
YRR TR MUFA 26.89+3.93° 48.54+5.20" 43.66+7.08"
i C18:2 n-6c 4.30+0.64" 2.23+0.33" 1.59+0.64"
- JFRRR C18:3 n-3 5.54+0.86" 4.03+1.56"™ 2.35+0.51"
y-AFRER C18:3 n-6 0.14+0.02° 0.08+0.02" 0.0120.00"

LG -11,14-— Rk IR C20:2 0.39+0.08 0.34+0.01 0.3620.04

MGE-11,14,17-—-ff =R C20:3 n-3 0.32+0.05 0.27+0.06 0.21+0.08
IG5 -8,11,14- B = Hifik C20:3 n-6 0.39+0.09" 0.22+0.03" 0.14+0.01°
AEE DUJETR C20:4 n-6 (ARA) 5.27+0.89" 2.94+0.42° 4.88+0.95"

ZABRTLEER C20:5 n-3 (EPA) 3.16+0.72 4.06+0.10 4.09+0.87
T TERISHEER C22:6 n-3 (DHA) 5.74+1.03° 3.95+0.13° 7.03+1.28"
SZAMIFNR iR PUFA 25.11+2.83" 18.0422.47" 20.64+5.61"
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Table 6 Mineral element of muscle of three

M. terminalis populations mgkg '
& I HRGiFEE M. terminalis population
Blement gt QH BAIT Y K 7Q
# K 3340.05+105.367 3 460.04+192.92 3 820.36+221.12°

45 Ca 1050.12428.87°  1100.25+40.02™  1200.11+34.64°

£ Na 487.34%58.96" 345.35+7.23 385.57+30.66"
B Mg 298.65+3.79 303.0542.65 332.3145.51
W p 241.59+25.97 230.45+2.08 247.78+4.04
5 7n 6.47+0.15" 4.16+0.18" 3.8240.17°
#k Fe 3.06£0.13° 4.7540.14" 6.43+0.18"
i Cu 0.1240.00 0.1240.01 0.13+0.01
% Mn 0.21£0.01° 0.38+0.02" 0.64+0.01°
FE 551 PCA
6 ‘
5 Bl QH
‘ BHYT YT
47 ! ZEIK ZQ
s 3 |
(=]
@2
A
S
N
B0 f
(9]
ol
= 2t
H
-3t
—4 |
_5 L L

-6 -4 -2 0 2 4 6 8 10
F 41 PC1 (50.75%)

B 3R HIL AR A T T B S i 1A
Fig. 1 Scattering diagram of principal components for
biochemical analysis parameters of muscle of three
M. terminalis populations

(Paralichthys olivaceus)''>' . #5E#% T4 (Siganus
oramin)"'® FI H A8 (Anguilla japonica)!'” 28, FIH
ARG . SAEENR A AFREHR, 31 RE)
FREENLPI A= AL PCA 255 W 7R PU TLFPE 5340 5 SRl R fH
VLRSI , W RESE T8 M R 35% 5 L) J A A
REAAEZES, AUFRE R, FUILARREESE BE
o TS BHVT R T SR Fre o A 25 R o A Ay i i f iR B
R SO I ey N A E RPN S Y A =R IV A9 )
HNRERBEIN T & R A B A .
SEMIEAEREIZ S, HAK A SR8 AR, Fithak
MU AT REHE AT B B RGEH | BB R At A R AR

DS W7 A B A 20 3 AT AR AR A B

FEEW] R 22 5%, W] B2 SO E] LA B IR BT Y AL 2R
RN RN Z—, AL a2 R s 2R
T AHE S HLERE AR L

ZEWUA A BT E TR B B A& TP EAA 3 i FIZLK
FelpeE™ Y AW RoR, 763 A REFEELA A
RAR G hm, SRAREN—FhEEEREASER, BA
TR . ST LRGSR, 3 AT R
TELPY rh 5 2 i v T A Sk 7 S ™ P R AR
JULIAS A R 2 a3 o T B BRI T SR e, R
TLANEE LR BT SR AT B BH VAP R X BEAE . 3 AN ARt
FREIILIA) rhol 2R 3 i 28, Herh, PUYVIAPRE LA ol
ARG Rk BEAREAMEEAA Z—, MUAAREE
F BRI e AR AR R B B, 36 AT LA o e 5
i MEMA RS, BRI R, £ FAO/WHO #
R B 1 8 A SR BRSSP, EAA/NEAA>60% F)
AR, 3 ANEPAE ARG 2R T R4
MU, PUVCAMEENLIA P EAAT B (85.05), ULHIH:
WUA T EAA ZH iU A -, S BUE SR o= . WL
M 7 I 7 e S S A L P KU i T 2 2 — Y R RgE
KB, VAT BHTT AR 22 R B MUFA #95 di Le
AWFFERY], MUFA TEJE T AR BTGy i B
HEFEF™, PUFA ' DHA 5 EPA S i EATA 0K 70
S SEREERR . PETTRIRENLIA T DHA 7 i e T
PHYLA SRR, R BHPS VLA EE LA 1 IR D5 B R 5 e o

TP BCER A N H L EE WS, S5 NEH
LRI R AR A B B 3 A AR R LY o
Na, K. Ca F WM BITHE UM Fe. Zn, Cu, Mn FifE
TLEBAR . K. Fe. Zn S0 Bt H ST 5 I52E
11 (Schizothoraxo connori)™"'. Ca Fr it L& 5 T48 5 AR
(Epinephelus fuscoguttatus) FIH5 A1 BE (E. awoara) SF 2P
0 PETT AL P Fe 5tk 5 5 T IS B VTN 7 SR
R, T Zn S &N BEMRT I RFEE . Fe BA G MI6E
AR FE M K E S, Zn o MESELER IAYIER &
B 3R HBEFHIAZ MR TR S EER D
F, XTT R TSR I Y 22 R, T SR A A
SHPEYLAPRE, B B KA O, SRR, 5
TV R . FIFF R IR AL T Fe & &3 W25 & T
K, Zn FEIRAR TR Wk, S IR
FRET Za TR ABENA DS EEE R, Fe Ml
Mn JUFEPE VTR LPY P s S S e

S 3Lk
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