Open Journal of Fisheries Research 7K=H} 5T, 2019, 6(4), 163-171 Hans X
Published Online December 2019 in Hans. http://www.hanspub.org/journal/ojfr
https://doi.org/10.12677/0jfr.2019.64022

Amino Acid Content and Composition in
Female American Shad, Alosa sapidissima,
at Different Stages of Ovarian Development

Xiaogiang Gao!, Lei Hong!, Zhifeng Liu!, Changtao Guan!, Leiming Meng?,
Yan Li3, Bin Huang!*

1Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao Key
Laboratory for Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao Shandong

2Chinajing Science and Technology Investment Co., Ltd., Beijing

3Beijing Branch of Construction and Administration Bureau of South-to-North Water Diversion Middle Route
Project, Beijing

Email: gaoxq@ysfri.ac.cn, ‘huangbin@ysfri.ac.cn

Received: Nov. 18", 2019; accepted: Nov. 29", 2019; published: Dec. 6, 2019

Abstract

In the study, we determined the amino acids contents and compositions of the muscle, liver and
gonad tissues of American shad brood stocks and analyzed the amino acid changes during the go-
nad development. The results indicated that the total amino acid contents of liver was higher than
that in ovary tissue as the ovary in the development from II to IV stages, but at V and VI stages, the
total amino acid contents of ovary were higher than that in liver tissue. Glu, Asp, Leu, Arg and Ala
were dominant in total amino acid composition of the muscle, and the total amino acid contents of
muscle in II, III and IV stages were significantly higher than those in V and VI stages; while Glu, Asp,
Lys and Leu were dominant in total amino acid composition of the liver, and with the development
of the gonad, the total amino acid contents of liver in V and VI stages were significantly higher than
that in II stage; In addition, Glu, Asp, Leu, Val and Ala were dominant in total amino acid composi-
tion of ovary, and with the development of ovaries, the total amino acid contents of ovary in II, III
and IV stages were significantly lower than those in V and VI stages. It is therefore suggested that
the amino acid was preferentially transferred from muscle and liver to ovary with the maturation
of gonad except the normal physical energy consumption. From the percentage composition of
amino acids, the amino acid composition in the various tissues was relatively stable at different
development stages, reflecting the conservation of amino acid composition of species.
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1. 58

RO . AR R AR, RN TE IR TR R S AR E RN R
SEARANFER, K2 H RN & AR RRRERE TR, — J7 O s s S A RE A1,
7 AR A FE A R A A R TR A 5 £ 9 ) S B RERAN S A IR . SRR AR IR R BRI R
BH KRBT, W R AT A B HARA . AR, SREE IR B AR KRR R
BRI ETETT HEOP . SZRER . LR KA RS, ERA IR A s R R 1 12 256 AF[1] [2]
[3] [4] [5] faMRAR R AT f A B e R b BT 7 18 7 B BRI T A7 AL B0 N I IR o o ARV K
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AMRRIRE LIRS, DERSHALN T EHREREWEEERYE, HERWREXRIEZ —[6].
HAT, WhR A BAa s i fn SN S8 5 P R R IR AR 7 R 4L RIT & T HEFE[7]s Vollenweider 45
Xt R EAR 0 ZE T A R e R KR AT T FE[8]s Zhou S50 AT T B A rh AR i DG B E TR R 1) 2L AR
16[9]; Kacar S54R 18 | SRS S FE AR R PEIR . FFIE B0 e A0 =56 H i (0 3 A8 [10]; 22 B9 EE X K
PSR R B AR FIR B W ERR . FFAERIVL AR AL ZE A BE B % FE AL AT TR S [11]. DL B R
W T BRSNS B E RYR L 2 LR E AR . G, TSR AR R R
MR TR E TN, K6 BT AT G I N R0% 08 I8 A2 BRI A M i R & I A rhoxt A
BRI G R

= P PG (Alosa sapidissima) X 44 F& P i, 5 T /2 B (Clupeiformes). £} (Clupeidae). 74 )=
(Alosa), AALSEIN K TG PEG  H AT B B AR A S AN 2 U k2. SEim | 21 e 5 N3RIE,
HIFR T REMNEEIOCTAE, BUS TR, (ERIE Mz P ey IR E AR, sty
AR A TR K R — . HET, LRI RN TR E . AR SR ARy i
AP AT L HIRE T, R T M IS R B A A KR T VR K IR FE ) Sk R R [12] [13]
[14] [15] [16]: A 3 PHAR S 08 I 75 SR 7 A 7082, TR, RSO = gp (28, 84 KA 7758
{147 9 Y i 22 5 ) A o ) R R AL A B B AR AT TR AT, BAE T A A 3 U i £ 55 A K E TR IR UL
B3 2 008 7R K, USRI F 55 PN 53 £ Ja Al 1) i B % T o v 23 () 2 s i A0 o 2 (Y B A 3

2. 5 HZE
2.1 HEARRE

FNE BT MK IR 2 I /N R A R GE [12] - 2015 4F 10 H 31 2016 4 10 H 7EVL 75 e ] 755
SR AT S5 NG RE 5L A SR, LSRRI 288 B, HrPhMEfa 164 E. & H BEHLIH K935 L MSSS &
BRI, BASER SN0 E T ok b, e mp S . AR AL, % km
Fo BIN—20°CUKFE A7 )5 B T—80 CUKFE FP (RA7 45 o ARIE U B0 421 A o A B I I[17]. e HUAHH
N R B I ) AN L AT 78 R AR AR AN
2.2. HEEBETALIE

5 PN %A 28 B 4 2R R AL B 5 55 2% [ kRik (GB/T5009.124-2003), RYVE A%, BRI T, #
BURE T T UKEL_ BBV RER, I 0T BE 2e b 47 2138 . FREUR & 15188 1 10~20 g, B T %HUE+ . K 15 ml 1:1
HCI (6 M)A B2 0, B R, N @Az <HEz 2o b 2 & 502 S (R 10~15 min). f# A
FEWT HEAT R O, B HE T 109~110°CoKi T, JKARE 22~24 ho BUH 280, A H =0, M52 10
ml NaOH (6 M)E N\, JR2), ik 3~5 min J&, R # b /K AR s BN 100 ml &), BA 0.02 M
HCI A% =5 K L2 225 100 ml. 0.45 um JEAEEUE S, AT, £ EAL.

2.3. SEBESHT

N H 57 L-8900 4 [ B & FEBR 43 BT A3 43 731 00 52 57 e LA« JF AR O 8 rp R S 6 R 2 o T 25 1
FE i 20 ul, %2 1 3£ 0.4 mL/min, & 77 6.0 MPa, %% 2 Jiti£ 0.35 ml/min, [ /7 0.8 MPa. 43 & ki 50°C,
J N AER 135°C,
2.4. BUEGT RS

giit o R ] SPSS 18.0 AT AL, SLIGEE R UL IME + #rifEZE(Mean + SD) 77 Ao, A A LA
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T 75 %57 H1(One-way ANOVA)KATSE % 5 . M, H Duncans #HT 2 H WAL, 4 P < 0.05, JWI4L[H
EREE.

3. &R

3.1 MRABHREPEMMEMAPERERIETE

EL PRIV SE e s vk o by =1 uhe=rd (| INN | | NN AVARVA SRV S0 Koo B iR Rl (o
<o%)W%ﬁ?u\miuV%kEM&%%M%%@,ﬁd LR & TR INAE T b 2 s T
B, HERARZEEP > 0.05), MEVH VIR, KaINEPSEERS & THEAZ, H
ZERAEZEP >0.05) (K 1).

25 1

REEREE (g/100g)
total amino acid
s n 8

[9]]

11 111 v A\
e AR A NS A HLRA R 7 BER R Z 7 53 (P < 0.05).

Figure 1. The contents change of total amino acid in different tissues
of American shad brood stocks during the gonadal development stage

B 1 EMRLAEMER, NSRa s MARTSRRRSETNH

5 D 53 1055 2 21 1) 06 7R SR IR 2 1 AR A B A 5 A 4 A) R R IR B = 1 7 A A 2 L (1
2). BT %%&£ﬁ§EMMEﬁQETTH@mWME%EI3,Tﬂ,W%&?u%wu%ﬁ L3
Hrh TR G S EIMR T NI EZ S, (52 5 AR 2P > 0.05); 1M 1V A% M) b S i
FERE H S ENE TVIRARMEAL, HEFAEZP > 0.05); JPELT VA VI LGB RISEMH
ok f, HONEPRLHEIERE 5 S EAARIGES, E5NRAMFRALNLHEIRRE S SEE
FAREZEP > 0.05).

3.2. BIRABEREPEMMSMAANTERTN

ANTRI M B R B A B 3 N i JUL PR 4 S B R 5 e B 2 R DL e 1o S I UL R L Y 18 e L R R
5 8 b TR 2 EIR(EAA) 2 Pl b 75 Z JE R (HEAA) A 8 Fiidf b 75 EEMWBM)THkQME m
WHRFENDER S ERABOFR A REZR, HPEERAENATEAR. REAER. &R,
AN 2R, AR . ERRMAZAR & BN L. R ERNSE L, W%&%u\miuw
MR E AN B E R S B EZE ST VM VI A SR 4 2P < 0.05).

ARV R R B B B 5 0 i P Pk 4 4 G S R 5 B 2L L 22 2.0 9 I A 18 i LI SR R

ERAFERANR L, THW%kﬁMEm P SE 8 A BT IR L IR ALk e Bk, Hh&EREN
DB AR RER ﬁ%&ﬁﬁ%% ﬁ%%&\%%& TR & BN K. T EAE
%@ﬁ%ﬁyk%W%MﬁﬁJﬁ%@%E B BB RAG, Heodr i A v #1225 B2 (P > 0.05),
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V ATV R ST 1P < 0.05).
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AR B AN A BER R 72 7 R 25 (P < 0.05).
Figure 2. The contents change of total essential amino acid in differ-

ent tissues of American shad brood stocks during the gonadal devel-
opment stage
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Figure 3. The percentage change of total essential amino acid in different
tissues of American shad brood stocks during the gonadal development
stage
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Table 1. The contents and composition of total amino acid in the muscle of female American shad (Alosa sapidissima) in
different gonad development periods
= 1 AEMRAEMEEM MBS SRR E REK(EE)

Q- Treatments 1131 1 # (\YA i Vi VI
RAEE Asp 1.58 +0.10 1.54+0.11 1.57 +0.09 1.54 +0.06 1.55+0.05
AR Thr 0.80 +0.02 0.83+0.02 0.80 +0.02 0.81+0.06 0.79 +0.04
44 R Ser 0.62 +0.04 0.65 + 0.07 0.62 +0.03 0.64 +0.06 0.61 +0.06
BE Glu 2.05+0.03 2.01+0.10 2.07+0.17 2.02£0.09 2.05+0.12
HE® Gly 0.79+0.08 0.82 +0.06 0.80 +0.05 0.73+0.02 0.74 +0.09
HE I Ala 0.98+0.12 1.01+0.08 0.97 + 0.04 0.90 +0.01 0.91 +0.09
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Continued
Ptz Bz Cys 0.08 +0.01 0.08 +0.01 0.07 £0.02 0.06 +0.01 0.06 +0.01
iR Val 0.88 £0.08 0.90 £0.05 0.85+0.10 0.89 +0.10 0.86 +0.03
HEA Met 0.52+0.08 0.54 +0.06 0.49 £0.04 0.50 £0.05 0.51+0.03
e lle 0.82 +0.09 0.83+0.04 0.83+0.04 0.76 £ 0.07 0.79+05
SRR Leu 1.25£0.11 1.26 +£0.08 1.21+0.05 1.17 +£0.02 1.16 £0.15
BRE IR Tyr 0.60 +0.01 0.62 +0.05 0.61+0.03 0.59 +0.05 0.60 +0.03
FRNE Phe 0.74£0.04 0.70 +0.05 0.71+0.07 0.71+0.07 0.73 £0.02
YR His 0.57 £0.05 0.55+0.03 0.57 £0.02 0.54 +£0.05 0.53+0.04
HER Lys 1.58 + 0.09 1.55 + 0.06 1.57 +0.08 1.48+0.13 1.52 +0.07
K’ Arg 1.01+£0.05 1.02+0.12 0.85+0.10 0.99 £0.10 0.95 +0.05
fifi % i Pro 0.630.05 0.62+0.04 0.59 +0.04 0.59 +0.03 0.65+0.11
B (Trp) 0.83+0.11 0.81+0.08 0.86 +0.12 0.85 +0.05 0.80 +0.04
WRALER TEAA 8.17 £0.15 8.18 +0.16 7.88 £0.18 7.85+0.35 7.84£0.26
Wi HIR EAAR 49.89 +0.88 49.96 +0.99 49.13+1.85 49.78 +1.70 4954 +1.21
HEHER TAA 16.38 £0.35° 16.37 £0.28° 16.04 £0.31% 15.77 £0.21° 15.81 £ 0. 24°

BRI SO EIE £ bz, ARTREORA I Z R B3P < 0.05).

Table 2. The contents and composition of total amino acid in the live of female American shad (Alosa sapidissima) in dif-
ferent gonad development periods (wet weight)

2. NEMERA B M B SN AT B 2 SR B S B R A (EE)

AL FE Treatments ([ 1 v V VI
REEE Asp 1.23+0.11 1.22 £0.06 1.30 £ 0.47 1.11+0.15 1.09+0.22
TR Thr 0.71£0.14 0.70 £ 0.05 0.68 £ 0.04 0.67 +0.06 0.69 +0.05
227 Ser 0.53+0.11 0.510.04 0.56 +0.09 0.50 +0.05 0.53+0.03
B4R Glu 1.45£0.13 142 £0.25 1.43£0.21 1.42+0.25 1.41+0.16
HEIR Gly 0.71+0.11 0.65 +0.09 0.65 +0.08 0.64£0.07 0.64 £ 0.06
WA Ala 0.85+0.07 0.87£0.11 0.830.06 0.85+0.08 0.85 +0.06
[ Cys 0.06 £ 0.02 0.06 £ 0.01 0.06 £ 0.01 0.06 +0.01 0.06 +0.01
R Val 0.73+0.04 0.76 £0.16 0.68+0.04 0.71+0.07 0.68 +0.07
HER Met 0.390.06 0.33%0.05 0.30£0.02 0.34 +0.06 0.33+0.03
FILEMR e 0.73+0.08 0.72 £ 0.06 0.67 £0.11 0.63+0.07 0.65+0.11
LA Leu 1.15+0.13 1.11£0.13 0.98+0.24 1.01+0.10 0.99+0.14
B R Tyr 0.52+0.11 0.47 £0.02 0.41 £0.04 0.45+0.10 0.46 +0.05
KNG Phe 0.70£0.15 0.64 £ 0.09 0.60 £ 0.05 0.63£0.07 0.64 £0.06
AR His 0.33+0.02 0.30£0.06 0.32£0.07 0.30 £0.07 0.32£0.03
R Lys 1.20£0.11 1.24+0.21 1.22+0.16 1.13£0.22 1.13+0.20
FEER Arg 0.54 +£0.06 0.51+0.10 0.49 +0.05 0.53 +0.06 0.52 +0.06
Jii 2 Pro 0.56 + 0.03 0.52+0.01 0.56 +0.09 0.47 £0.07 0.48 £0.05
B (Trp) 0.62%0.02 0.67£0.04 0.630.09 0.64 +0.04 0.65+0.05
VIRALMR TEAA 6.48 +0.13° 6.31+0.15% 5.94 £0.15° 5.95+0.14° 5.95+0.19°
UTHEIERR EAAR 49.99 + 1.55 49.74 +2.16 48.26 +2.89 49.20 +1.33 49.09 +2.38
RMEER TAA 12.97 £0.24° 12.70 + 0.59® 12.32 £ 0.51* 12.09+£0.18° 12.12 £0.37°

HA o IT XTI+ bR, ARTEERORAN 257 B2 (P < 0.05).
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AN RR R B B B D 1k BR 20 IR & B I L e 3. TR E SRR b, AR R BB
BRI SN o fa Y O SRR K R AR, Hp S EEEN NG R KRR &R,
WRAMMANER, MEER. HER. MEZRNSEANEK. S TFoaERee L, MENEKK
A, UL ATV B0 A AR B E RS EEEET VA VI I S &R S (P < 0.05).

Table 3. The contents and composition of total amino acid in the gonad of female American shad (Alosa sapidissima) in dif-
ferent gonad development periods (wet weight)

3. NEMREABEM BRI N IRES S AR ERAM(EE)

AL FE Treatments 114 1 \VA 2] VI
REAEE Asp 1.00 £0.16 1.02 £0.13 1.02 £0.20 1.25+0.13 1.15+0.18
TR Thr 0.68 + 0.05 0.66 + 0.07 0.66 +0.25 0.65 +0.07 0.74 £0.07
258 Ser 0.52 +0.00 0.56 + 0.03 0.57 £ 0.05 0.57 £0.08 0.65 +0.06
BE I Glu 1.23+0.28 1.42£0.10 1.29 +£0.49 1.50 +£0.42 1.57 £0.20
HE® Gly 0.60 £ 0.03 0.62£0.02 0.66 = 0.06 0.62 +0.06 0.63+0.07
W Ala 0.83+0.21 0.76 £0.11 0.85+0.18 0.92+0.17 0.88+0.11
JBR& I Cys 0.12 +0.01 0.13+0.01 0.14 +0.04 0.16 £ 0.02 0.14 £ 0.02
HE R Val 0.89 +0.09 0.84+0.14 0.84+0.21 1.03£0.21 0.92+0.14
B2 Met 0.27 +£0.01 0.29 +£0.01 0.27 +0.08 0.32+0.10 0.30 +0.05
R e 0.60 + 0.06 0.58 £0.09 0.64 +£0.10 0.69 +0.09 0.64 +£0.05
AR Leu 0.81£0.25 0.83£0.09 0.93+0.31 1.14+0.26 0.98 +0.08
B& &R Tyr 0.55 +0.12 0.53 +0.05 0.50 +0.09 0.61+0.05 0.63+0.07
R E B Phe 0.52 +0.03 0.54 +0.01 0.51+0.11 0.55 % 0.07 0.54 £ 0.06
SR His 0.32£0.03 0.34%0.01 0.28 £ 0.09 0.31+0.11 0.31+0.04
IR Lys 0.79+0.01 0.85+0.08 0.77 £0.23 0.91+0.40 0.76 £0.12
FEIR Arg 0.71+0.13 0.68 +0.06 0.67£0.15 0.75 +0.06 0.68 + 0.09
Jii 2 Pro 0.48 + 0.09 0.55 + 0.08 0.53+0.07 0.60 £0.13 0.51+0.03
R (Trp) 0.44 £ 0.06 0.47 £0.04 0.44 £ 0.02 0.43 +0.01 0.45 +0.04
WAL TEAA 5.59 + 0.16 5.61+0.18° 5.87 £0.12° 6.13+£0.23° 6.07 £0.20°
YR E IR EAAR 49.57 +2.70 48.39 +1.97 50.39 + 2.56 48.75 +3.09 48.67 +1.52
REIEER TAA 11.29 £ 0.29° 1159 +0.37° 11.67 £ 0.42° 12.58 £0.34° 12.48 £0.15°

FR R RN TIIE + bR, RRTERRANER BEEP <0.05).
4, it

BRMREE BRI, MATEEEETR, BB S HE SRS YRR il T A5
TEEN, NI DURRAIE HRh B () 15 ST S A 4. SE N & T3 P2 ot 2, Wi Rt o AR R R B R
M, e E FEMIR AR R, BEE I BT, MR R B R, AR _ BTN, 5E
BE e BORHE, (EEE FE IR DS . AT T R O, SE TR KA B (1S R AT

THETC. MR L a IR & B IR R, AT 1 AV SRR BB, HA AN
T B SRR & B NP AL > HHIE > SR AT VRN VI BRI B SR, %
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AN E P R SRR & /NI A LA > BREL > BFRECOLIE 1), 0 HAESE MR oS A 1
KEE V ARSI REES, VIR R B S B R T, AL R BRI 7R
— 7 TH W] RE 5 36 P i 7E BEHE I AR AR S SR IR KOG R . SEINEAE P S N fE B D B A AT &,
KEB AT 25 BARE . AW FCHR 772 005 F 5 PN AR S 4525 69%, T 2840 1) 15 H 55 0L R ) 20%,
B 45 /NBI R KM 5% A A [18]. — MM, AT YURE T 1M & ek sh A Z0h g 77 I REIR I I
W%, T BEAE YUK (B Bt — 2D RN, RS R B — s LI B R APE N BRI TE R, TSR AL
MHIARITFERE[19] [20] [21]. 53— J5THIAX P RES O EL P DR B IR RO 0% . BP B B 1 @ T —Ph e 25 BE B IR £
H, AT ESIY RS N EEE IRy, (RSN R AR IR R, HEAEEIN R, R A RIS A
IEH R BN EZEERYICRE. AR EP O EONAR, EEEEMEBEMER T, HerErE
AT ORI R A R, SRR B MR T, AR O T AR P S OR BEAR MR, IR AR A O B
YA [22]. SEPNER =GP AL JE T o RD =02 A, 76 IV AV BAOR S, SRAFAES — e LLE i 1
I AH TG0 BELE M, AT A ORI AL BN SR I B A D RBAK IH LU e HE B . o AL, SE PN M 7E BT, BR
TIEWABESIFERRSL, MREREERMRRSINENAERKEE, B, EARERET, Hig
S FANRA LUK EE R, M SFECT sea VLR IE S 2R T . REPFRIER T
KR R R B IR A B IR R YR 3 EORVE T R IE ALY . [23] [24] [25] [26]. X585 SRR AR . 32
BRSPS (R A4 FIRAU[L1] [27]. S4b, TESRMSEMINEIN 1 IR & 2 IV B, 9P 5 Satk
P & ST I, TR 215V R A WA R0, R AT SEIMERTE M iR B I R R O S S VO
BRIMBIF IR R ERER. 1V A VI lREESARE, X685 905 19507 AR HERR B op BEA R i)
HIRWCH K.

MNE IR 5 4 U2 B rT B0, SN O SN [F] B B B AN R B R A i 2 AN R, I
IR TEVEIR R B R P R R AL — 8 B RS R [28] o MRS AR SR — PR R R, e — s
FKEAFMAILIE —REIERERE . ERMEIERAFEEN B, VAP RBER S ®E S5 MREM
BED T EEN, HRENEERE I T ARRE NS, AN MZERARE, (ERRai
MR ARER. KITARR N BERFHER R, Hh SRRk, EATAR R, JIAHAZRA
KITERAR TR 5 MREMBEMA R . Bk vl L, SEPNE7E SR FE A, S LA R 9 53R XU
fIRZIE AR AR K .

E&WE

T8 5 N BT O H (Q51201611) 5 Hh Jr % A af M BL B B B B A REAT L 5% 2 L O,
(20603022015005); VL34 H K KILE M0 K TREFORI 7 Hh O 55§ f(BM2013012) 3L [F] 55 ;[ 5K
P AR AR R (CARS-47) 3L [ B .

SE3CH

[1] Ilzquierdo, M.S., Fernandezpalacios, H. and Agj, T. (2001) Effect of Brood Stock Nutrition on Reproductive Perfor-
mance of Fish. Aquaculture, 197, 25-42. https://doi.org/10.1016/S0044-8486(01)00581-6

[2] Eil. S FIEEM]. L SR E AL R, 2000: 167-171.

[81 W&, R, e, & REEFIOPITHERED]. Rt g, 2002, 23(2): 65-71.

[4] Watanabe, T. and Vassalloagius, R. (2003) Broodstock Nutrition Research on Marine Finfish in Japan. Aquaculture,
227, 35-61. https://doi.org/10.1016/S0044-8486(03)00494-0

[5] Fernandez-Palacios, H., Izquierdo, M., Robaina, L., et al. (1997) The Effect of Dietary Protein and Lipid from Squid
and Fish Meals on Egg Quality of Broodstock for Gilthead Seabream (Sparusaurata). Aquaculture, 148, 233-246.
https://doi.org/10.1016/S0044-8486(96)01312-9

DOI: 10.12677/0jfr.2019.64022 170 K= FT


https://doi.org/10.12677/ojfr.2019.64022
https://doi.org/10.1016/S0044-8486(01)00581-6
https://doi.org/10.1016/S0044-8486(03)00494-0
https://doi.org/10.1016/S0044-8486(96)01312-9

/NGRS

(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]
[27]

(28]

Ronnestad, 1., Tonheim, S.K., Fyhn, H.J., et al. (2003) The Supply of Amino Acids during Early Feeding Stages of
Marine Fish Larvae: A Review of Recent Findings. Aquaculture, 227, 147-164.
https://doi.org/10.1016/S0044-8486(03)00500-3

BeRAS, ZHink, BIJoRE, 4. M BRI R A DR T P e B E DR B LR [3). SO R, 2009,
37(5): 115-118.
Vollenweider, J.J., Heintz, R.A., Schaufler, L., et al. (2011) Seasonal Cycles in Whole-Body Proximate Composition

and Energy Content of Forage Fish Vary with Water Depth. Marine Biology, 158, 413-427.
https://doi.org/10.1007/s00227-010-1569-3

Zhou, H., Leng, X.-Q., Tan, Q.-S., et al. (2017) Identification of Key Nutrients for Gonadal Development by Compara-
tive Analysis of Proximate Composition and Fatty/Amino Acid Profile in Tissues and Eggs of Chinese Sturgeon (Aci-
pensersinensis Gray, 1835). Journal of Applied Ichthyology, 33, 885-891. https://doi.org/10.1111/jai.13401

Kacar, S. and Bashan, M. (2016) Comparison of Lipid Contents and Fatty Acid Profiles of Freshwater Fish from the
Atatiirk Dam Lake. Turkish Journal of Biochemistry, 41, 150-156. https://doi.org/10.1515/tjb-2016-0025

ZEME, KEY, B, ORISR E KB TR R O], KIEREE R4, 2012, 27(4):
315-320.

Fhs. KM (Alosasapidissima) A THF{. FR5H Mz R H R AT A [D]: [Wi L2 Arie 5], B el ok
%%, 2005,

TR, SRR, B R, 5. KM TEE RGBT R, 2012, 36(7): 89-96.

TREM, RINAE, IRH, & RN, B, SNBSS KE S EKSER]. B EUK7FREE, 2010, 17(6):
1227-1233.

/N, kR, RIEIE, A SSYNEAT e R A K AT AT ). K AR, 2015, 39(3): 638-644.

/N, PhdgE, XEE, S SEPNTU T R AT R R AR HE SRR AT AT[I]. KRR, 2015, 39(3): 392-400.
/N, RGN, SRR, AF SSYNEN SR ). KRS, 2018, 5(2): 1-15.

Nichols, P.R. (1959) Extreme Loss in Body Weight of an American Shad (Alosasapidissima). Copeia, No. 4, 343-344.
https://doi.org/10.2307/1439902

Craig, S.R., Mackenzie, D.S., Jones, G., et al. (2000) Seasonal Changes in the Reproductive Condition and Body
Composition of Free-Ranging Red Drum, Sciaenopsocellatus. Aquaculture, 190, 89-102.
https://doi.org/10.1016/S0044-8486(00)00386-0

MonteroTorreiro, M.F. and Martinez, G. (2003) Seasonal Changes in the Biochemical Composition of Body Compo-
nents of the Sea Urchin, Paracentrotuslividus, in Lorbé (Galicia, North-Western Spain). Journal of the Marine Biolog-
ical Association of the UK, 83, 575-581. https://doi.org/10.1017/S0025315403007501h

Adamczewski, J.Z., Gates, C.C., Hudson, R.J., et al. (1987) Seasonal Changes in Body Composition of Mature Female
Caribou and Calves (Rangifer tarandus groenlandicus) on an Arctic Island with Limited Winter Resources. Canadian
Journal of Zoology, 65, 1149-1157. https://doi.org/10.1139/287-180

WA, A, R R, L, ER WKEREEAY M TEF ] K RHY, 2005(2): 45.

Brawn, V.M. (1961) Reproductive Behaviour of the Cod (Gad Us Callarias L.). Behaviour, 18, 177-198.
https://doi.org/10.1163/156853961X00114

Lambert, P. and Dehnel, P.A. (1974) Seasonal Variations in Biochemical Composition during the Reproductive Cycle
of the Intertidal Gastropod Thais Lamellose Gmelin (Gastropoda, Prosobranchia). Canadian Journal of Zoology, 52,
305-318. https://doi.org/10.1139/z74-038

Rideout, R.M., Burton, M.P.M. and Rose, G.A. (2000) Observations on Mass Atresia and Skipped Spawning in North-
ern Atlantic Cod, from Smith Sound, Newfoundland. Journal of Fish Biology, 57, 1429-1440.
https://doi.org/10.1111/j.1095-8649.2000.th02222.x

Rothbarth, E. (1941) The Measurement of Changes in Real Income under Conditions of Rationing. Review of Econom-
ic Studies, 8, 100-107. https://doi.org/10.2307/2967466

TOAEME, IR, R, S REESR A R AR R R X LR R A B AR L[], KPR, 2009, 33(2):
278-287.

Jones, P.W., Martin, F.D. and Hardy, J.D. (1978) Development of Fishes of the Mid-Atlantic Bight: An Atlas of Egg,
Larval and Juvenile Stages. Volume 1. Acipenseridae through Ictaluridae. Fish and Wildlife Service/Office of Biolog-

ical Services, Center for Environmental and Estuarine Studies of University of Maryland, Contribution No. 783,
98-104.

DOI: 10.12677/0jfr.2019.64022 171 VIR


https://doi.org/10.12677/ojfr.2019.64022
https://doi.org/10.1016/S0044-8486(03)00500-3
https://doi.org/10.1007/s00227-010-1569-3
https://doi.org/10.1111/jai.13401
https://doi.org/10.1515/tjb-2016-0025
https://doi.org/10.2307/1439902
https://doi.org/10.1016/S0044-8486(00)00386-0
https://doi.org/10.1017/S0025315403007501h
https://doi.org/10.1139/z87-180
https://doi.org/10.1163/156853961X00114
https://doi.org/10.1139/z74-038
https://doi.org/10.1111/j.1095-8649.2000.tb02222.x
https://doi.org/10.2307/2967466

	Amino Acid Content and Composition in Female American Shad, Alosa sapidissima, at Different Stages of Ovarian Development
	Abstract
	Keywords
	美洲鲥卵巢发育不同阶段氨基酸组成及含量变化
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 样本采集
	2.2. 样品前处理
	2.3. 氨基酸分析
	2.4. 数据统计及分析

	3. 结果
	3.1. 性腺发育过程中美洲鲥各个组织中总氨基酸含量变化
	3.2. 卵巢发育过程中美洲鲥各个组织的氨基酸变化

	4. 讨论
	基金项目
	参考文献

