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Ways to improve the innovation ability of small and medium-sized feed enterprises from the
perspective of comprehensive innovation management
ZHANG Jialin
Sichuan Business Vocational College
Abstract: Due to the lag of innovation management ideas of small and medium-sized feed enterprises,the
promotion and development of innovation ability of small and medium-sized feed enterprises are
affected. Therefore,combined with the comprehensive innovation management mode,this paper analyzed the
current development status and influencing factors of the innovation ability of small and medium-sized feed
enterprises,and put forward specific innovation ability promotion paths from the practical level,such as applying
the comprehensive innovation management mode,improving the incentive mechanism and assessment system of
independent innovation of state-owned enterprises. The application of the proposed innovation ability promotion
path to the daily work of small and medium-sized feed enterprises could effectively improve the innovation
ability of enterprises,so as to enhance the competitiveness of enterprises and even the innovation and
development of the whole feed industry.

Keyword : total innovation management; small and medium-sized feed enterprises; innovation
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Study of innovation of management model of feedstuff enterprises in Sharing Economy
SHI Yu CHEN Ligin
College of Economices and Management,Chinese University of Geosciences

Abstract: The development of IT and mobile Internet generates a new business model,Sharing Economy.The
influence of Sharing Economy is increasing in economy,and permeating in the traditional economic
areas.Feedstuff enterprises have to innovate their management models in dealing with the tide of Shareing
Ecomony,otherwise they will be eliminated in the competitiveness. This paper compared the management model
of feedstuff enterprises with the management model in advancing enterprises in Sharing Economy,to explored
the aspects of management of feedstuff enterprises that need innovating. The fundamental conclusions are that
promoting management should be transferred in the direction of e-commerce,producing management should be
transferred in the direction of consuming scale effect,marketing management should be transferred in the
direction of long-tail market,human resource should be transferred in the direction of decentralization. These

innovations faces some limits,including organization,employees and resources.

Keyword: feedstuff enterprises; Sharing Economy; innovation of management model; e-commerce;
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Research on transformation strategy of feed enterprises and behavioral choice of accounting earnings
management
JIAO Yongmei
Zhengzhou Sias University

Abstract: The feed industry is faced with multiple challenges such as the impact of the global epidemic,trade
frictions between China and the United States and the African swine fever epidemic,and enterprises are actively
seeking opportunities for transformation. Business transformation strategy have inseparable relations with the
accounting earnings management,based on feed industry present situation and the current trend of enterprise
strategic transformation,this paper expounded the typical enterprise accounting earnings management
behavior,and then analyzed the enterprise transformation and the mutual influence of earnings management
behavior,based on the study and put forward feed enterprises transformation strategy,and inhibited earnings
management behavior selection advice,in the hope of through business transformation strategy adjustment and
the norms of accountant management build healthy feed industry development environment.
Keyword: feed industry; transformation strategy; earnings management; accounting;

T AT b 3 A A 77 A R B3, SRR RE B B Al . K IR
MV S A fE B R R [ IR T A AN N AR K- B 25 5 . JRIE TR T A R
IR T 90 FEAAH G I, i 50 A K B AP AR T BGAIH (kigs, 2017). 1)
B RAI LA FEAZEASCA BRI ER, MR B C A s )
PRI EE S (KR, 2013)0 FEE TPRHMT ML A2 (0 2540 1 SR AN DR AT b ik i A i
AR AR, TR BT G e R R R A . TR RS, R AL e TR
Fov PR IT AR b AR KT T .

& b 2 T B BT SR AR, BARE BN 72 IR IR, Ak e R i
5 A F AR BRAT IR PR W] )R R A2 B E A 1) 2 R . BT A BB SR Y

CHRERRE, 20195 FEA-#k, 20185 FhMiE, 20165 FRHREEH, 2015), AVFRNIE b o iH R RE



https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E8%A1%8C%E4%B8%9A&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%BD%AC%E5%9E%8B%E6%88%98%E7%95%A5&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%9B%88%E4%BD%99%E7%AE%A1%E7%90%86&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E4%BC%9A%E8%AE%A1&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=feed%20industry&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=transformation%20strategy&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=earnings%20management&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=accounting&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

HA BB R R, M EMAR, BREHTNIEN. 5k ZeRK ™A E K
F gt o AL TRV A IR, BRZR APR38R BRAT N e
[ AR, RIS T AL A BB B3I S 5 S

1 AADRE VIR S At s 2 A e 3%

It 2 0 PRDRE R 75 SR WG G, TRPRHAT MmO R, AR, ks
AWK, CAF e ERECR AR A P E ) LA 3R E AR Tl & LB 5 kR A7 R L
F, WEMTL . RN R RIS AW . 2P G B SRS AR RS
SO, APV R A RN, R T AR AT AR, R TR AT ML AT BRAR ASLLT
&t 2018 4 EREMT AL IEAE SN 1 s,

2 12018 44z [E AL Tl AL

%A ThEEfM T REVRAMT EHEREEALT AREMA =& EHLT ARNRERFEHLT AREERAL BoAE SRR«
2018 8872 8689 7869 944 59 2788 1094
BKEG 51 6.0 58 49 15 28 58

Ve MR T (R E R T SE) 2018 44 [ A Il 4 R AL .

[ A D RIS T E SRS, 3R T AR AEE IR, AR T A4
i, R 2018 4FIE, WA RE SIS B T E DL b AV R EE 3742 5K, BEAEREIN T 196
%K, HEFEREIAE 10 I LL_ERITARL A IA 656 K. B 8 FEAAEN HIFE R 50 i,
BRI AR A= 508 114 i, TR A Ar=. e, BRIMMMGEE N — il
B, UEEE

A A A AEFRFA ARSI 38 ATV SE G DA WO R 50 R, B AR 2278 R
SIS A, R B ERINE SR, M O AE B BT RBE L, R IEIZ D E
ERALEWNIEY, EGWIKIENR AT, B ES. R s s
RS RILRBEANTY (B85, 2008). #HRETSG, Tkl % 7Y R m] LL 43 g iy fE Y
FNBEHY P B, AN () 3 R s B0 5 M A b AR R 2 T HE 384T O, DAEEURL M A, Al
BEA] BE R EL v T BUsAT A AR P AR HCE R W & 50

Wzt B AR E L E IR
b 2T B AR TR A A B R ARIEAMBIREE . AT R IR, Ak
(R LT B s B2 R AR A, T BRI 7 A AR A B AR B XU BRI 3R A 5 K X il o
B E M T BRI . U FB, o DUABIZE R THRH A B SRt B 2 ) %, s
TSR H BT F I, A BRI 2 IS B, (H 2 BB T R A

axs8
=
-H"l'


javascript:void(0);
https://kns.cnki.net/KXReader/Detail/GetImg?filename=images/SLGZ202021029_00500.jpg&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

S EREEKRER. MERETHET KR, DA, ISR &R E B TBA
Wi e, M SHREEZMPEEE, BREHETRMENRR, AR EFRERNE
SRR FAE S, RN BE AR UAE BT i p M, BEMIREM T A G A (L,
2017

STHELARE PAT gl o 2 Aol i W 95 Bl AT N TR sl S ih ik 3%, SRIAH AR
WA S5 e i H B, BRI SEILRA AR & . ELSERLR TR E 2T . R b A S AR
PRRARMY BRI AR S5 ST RE B AR S5 T B (2, 2018) LATARMEMV A6, 78 g
R CRIN S THRRE B, TR R 7 AR AR IS Bk, et R I Ag B .
3 PRl R SN S o R AR BLOC R
3.1 TR AL e T S S o> T AR BRAT e

RIS A b A 2 TR I 37 40 £ 975 080 2R AR i R 1 A WK EL R e AL PR o T H B R AT N
DAERDAk A £ 2 5 v g gk H R s DA, Aol S ST DD i RO R AR s SR A
RO, BRI AR BT AR IEIE DA TR R B T S AR SR S R, TR S BT < A Ak
AR BT BT R — 2D, 75 AT 2 5 2 10 B AT R TR AT (R4S, 2016)
ALl ) A 22 AU R sy, S B AL FROR, BT R R B AR R (RO, TR
Ir R B B ARATAE SN A DL Aok i B R B R, I R AN BEAT R 1 )5 1) i
IR T BT 2 T RRE FAT VAR AL E R, T B AT R0 B AT
SONER . EHAT, & FA A A E B AR AR R T AT g R SRS Y, i R
WA E W2 R, RS BB .

TR A b £ e R o 2 3 B o 2R st o S miel Ao lboxd URE B v 0 AR ERAEE R,
Bt A A XS P T . FACR = i B /R SR D, TSl 58 3 7 IRSS ARk S5
MUFAR S A& SRR LS, R FE LSS SRR . T 37 8 AR S R R 1R T
FAEE T, BRIARN X I E it AT < /R KRB, HEMRBCH . H IR &R EHAT .
WA ER ARV A B ANV SRS B T, 380 4% ] R BRAT gk B A 1) H A
HAT, A raktE 4 DART A7 Al o e B g
3.2 T RHME 2 T R FRAT 9 e T g H bR

Al AR B RE ) e e A b R s H AR O HIE o BARE AR N b 2 RS
HENE, RN SE N EIZIENR, K BRI RS s e R, MERE
PRI AN A JR Amg AR 22 Ak i 3R


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

TR IH S THERR, W55 N SR/ 2t AT BV I, X e R BB R
BBl EIHR TN, il St 8 A% 8 B AR H A 1K T BOst A& SR BRI IO
B R BN BOBUAR B A AL BT, TR 2 TR 5, 55 B AR R B ] BE K
INEEHER S A feHETHE . SUTBOREFETHREH. TR THENERZL
e, MREHRITCIMRAEERN 55 2018),

TP AR R R T, R O ARG BB AT, 20 Al % AL A H AR
SKILHEAT PR AN RS, DAE A @ AV RE . SRR R R 2. BRIl GRS AL AR
A A o et A 2ORE TT RE S M Ak 2 U BORE BRAT O, A 2 THERARE ERE e
FEJE b A2 A5 Al s H AR ) g 1A
4 ik Aol e 7 e K R > T AR B
4.1 Al B R fe et 2 o K T

FEPEMT L A BRAL TE A AW 2 5 G Il 0 1 2 B AN B 5 R PN AN BRI 85
N TR TR F UG 5 03, e SR TR AR SN RPN A FE H m A i ] 2
b TR I o T AL Al R R R R AN A, AR E AR . 2 FA R ZE K
B 75 W o DRDRL MY AR R AT Bl A R, R ST T Ak O BRI S AT AE P LS
S, RN A B 55 R L, IRYE L B EIs R E T I, MARR TR R
B P, HiE HE G R IR . R A SRSy, R BRI
BRI ], RAGGIE TR s . Tl as e, SEaiak R . & E A
FAVERE S ATMLIIERIE KT AT R EOR T dh A AT AR T 3, s Rk A=
FRERRE S AT R, AR RTT, SREIR G RE RERAN TR TR A IR A L TR A
T RHERAE = A EE o oAl SE KT s, NLE T4k H AT S i i s, 3291
R S5 I AR, BEATREA B, AR R R e oy . AE TR E EAT N L,
AL Az B 58 LA RA DT, sk BOMPEEI 5515 2
4.2 SEE|NEEH, RIS THE KT

PRI R R EZLA BN, R REMSE S B R e Ml 55 (E R
Hoe R, I ERCRAMBCR, SeBl bl xR ioms B AR I EEF B fENERIEL TN,
AP EE BN P LA (5 S AR A RIBGR A 1B A i T2 SR BE EA 2, 3L
AR EEEIL S AT AR B BB AN, &R A AR B ik W
PR AT ROl 25 B 2 =] A ERAT M BORILA, e ) A BB AR AT R T R b L=



T AT, B S R S b 145 ROE B RE, e E R RRE, 35 A b % i
PN 1T H AR 28 703K B, R s 1) £l 58 AT B SR FH BB T QAT I A 2
W TR R A E BE T ER AR AR, o 10 P B R PEACRL R R T IR ]
ReTE.
4.3 WG BB, REATELS

R R AN B 3 T LA B ARAS B AR I, IR A AR A B EE A i B A
EIATN. BB TIETRIAR AR TEH, 2t Il 55 B S AL e g o 0575
S, O X S VM RS P A H U R LA G RAT R, S BN AU I A R
ARBIR KA. B, A B U ZE G — s A A5 B e e P B, %)
2HE BB EE P IR i) R T A AL T YR BRI E vE B AN R IR, 2 TR B SE R
HLHI 2 HE BAER, D R AR AT B
5 4Hif

TRk AV T A BRI 25 R PR L AT RGN R BRI e P S 2 R ), 3Rk
P Py R e B R TR T AN SE G+ 7, ARBEAT MV AR A R R e o T Aol 2 70 s 1 e 45,
P52 AL 22 T B AR BIAT Y, [, B B AR I — e R R L R H AR IR E
TR HX A 2 Y il B ] SR R ) 2 T B AR B ATy, T B AR B s 4 T B A BRI AR
R SZ Y B AR BAT N WAL R AR B, O ek e B R BURAT (B TN L 5 Al
TG 878, R vAT AuEmatE. Bk, MR RS S B S, sl
WM, RIEE S Fafg i AR, $—THMsE g /7, B e 3 s I L], 12T
SUPE BT, WA MRS B, IREI S E B AR, &
VI 55 e 56 o A LA R T S 1 R AT R
SR g

JRSCHIEAE P EAARE 2020,(21),142-145

Rt R
AR TRS & IER A ERNFIMRER
By 12 FESE RO E S ek 12
L JTRERVFIEGSIIRIER T 2. | AEEEEMEEFAMAEREZRE 3. RAVRNHERES)

WEFREHRERSRSE
WE: BISCRAPERFIMGE %, SRR ) 5l 8 e m MURE, e SRR, [t PR



http://navi.cnki.net/KNavi/JournalDetail?pcode=CJFD&pykm=SLGZ

THEEDRI AR o SR E IR T Bl n e S B i 32 6800, AR TR SRR R, AR
HR G T2 2o T HRF N —RRRZMIEY, BAEZENREIRETIR, HEERe
TR ACHIBRE I HHURR S 2K 70l . i AT R L IS 3R mRNA 3RIE DL Kl R A G 18 72 R
FERE MU LG o A SCEER T 1 B WEANT 52 () AR BEM L DL R S B ap VE F ML OB FE bR, B ol
FERUIE T S AR TR IR LS 5 .
R TR T R AT
Advances in Studies on Mechanisms of Dietary Tannins Improving Sugar Utilization of Fish
PENG Kai WANG Guoxia ZHAO Hongxia HUANG Yanhua
Institute of Animal Science,Guangdong Academy of Agricultural Sciences Guangdong Key Laboratory
of Animal Breeding and Nutrition Key Laboratory of Animal Nutrition and Feed Science in South
China,Ministry of Agriculture and Rural Affairs

Abstract: Fish have poor innate ability to use sugar,and ingesting high-sugar feed will easily cause postprandial
hyperglycemia, which will harm fish health and limit the application of sugar in feed.Increasing the tolerance of
fish to sugar by means of nutrition regulation is beneficial to improve the efficiency of sugar utilization and save
protein resources.Tannins are a kind of natural poly phenolic compounds widely distributed in nature,which
possess significant hypoglycemic effect by inhibiting the activity of glucose metabolizing enzyme, stimulating
insulin secretion and inhibiting the expression of glucose transporter mRNA,and exerting hypoglycemic
biological activity by mediating specific intestinal flora.Research progress on the physiological mechanisms of
sugar intolerance and the hypoglycemic mechanism of tannins were reviewed in this article,aiming to provide
reference for the fish glucose metabolism research and its healthy breeding.[Chinese Journal of Animal
Nutrition,2021,33(3):-]
Keyword: fish; feed; tannins; sugar utilization;
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Advances in technology for reducing mycotoxin in feed and feed

ingredients
FENG Li WANG Bing ZHAO Huan XUE Shike
Hebei College of Industry and Technology
Abstract: Mycotoxins are secondary metabolites produced by specific fungi and are found throughout the food
chain of animal feed. The main mycotoxins in agriculture and animal husbandry are aflatoxin B1,vomiting
toxin,zearalenone,fumarin,ochratoxin and T2 toxin. The economic losses and health problems caused by
mycotoxin contamination have led to interest in exploring new methods of inactivation and detoxification,such

as removing mycotoxins from contaminated grains,reducing the bioavailability of such mycotoxins in the animal
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gastrointestinal tract,or directly degrading mycotoxins in feed. On this basis,the methods of adsorption,chemical
treatment and bioconversion of degrading microorganisms/enzymes were developed and optimized. This paper
reviews the reported detoxification technologies and applications in recent years,and has a clear understanding
of the new detoxification methods and development trends,which will be beneficial to feed and animal
husbandry,maximizing consumer safety and profit of animal husbandry and related industries.
Keyword: feed; feed ingredient; mycotoxin; detoxification;
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RGN 2.43 {45670, FESYMBERIT T, B 33 ] 5 AN B S RL S 1 25 i 25 7
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I, ARG IR (R REK &2 72 h, WAREWIGE R S EE R IRE N 10 11100 mg/L B3R H 100%
(KIfgEERe 7] .
2.3.2 SRR RI1EH

IEANHTT L H8 H, 7E5 2 30 4R, V2 VA R B0 B8 55 2 AH DR BIME H I AR W5V
JZ S AR 26 AR A2 43 25 HH R A A B4 itk ey e I v Bl B AR B W51 0 B R,
PR e AT TRT DA RA— P e B2 o — A R0 7 sOMaAG 2% B 4K, i #2H DNA BARA
EAR LMK, MOy EZMMEAEE, T2 BT AR DS . AR
AR e 5 TP AU P= B A5 nl AT T2 AT TR .

FEI I A, PR NS o TR T 3 A B 1 ik B/ 1 R A B L o — PR
AW 77k, AT AR S 5 AL B R AR ], KR RAE R — AR FHAR
T TR AN 2 S B R R B RIS LT, IR B 7 R PR ARG (R 6B LT 4R B
Koo RAEHE TP R 43 8 3T A B AR I 1) 0 LR 2 I B30, (L S o i il - R 1
SR IG « OARIE T —Fh s B R R MR 2 (Yao 55, 2010), 1% b I i v 4 il 2%

TR A RNA #& MR, 2R 5N 5.~-6.8, 2N 73~77kDa, &4 695
HEM. BEHMEHEMEENEEE Bl, RERKIZEENETIEN. EXAEEE

DA R R A, R — RS AR, 7 T BN, Bk, AR T IR R R K
. ERYINIHIJTIR, Karlovsky 25 (2004) RIE T —FE i T ki i d i £ ik,
EA LS — MM R SR A, AR HA R R A . AT RTIR, O % e 1l
BTG R . ARG 23 B T AR SR R BA - 51X — I R M R 2 A K
3 MIARE

AT S s R P 52 AR R s, FESX R 50 N T H AR R AE A BF B AT,
TERY: b . B TARROR oy DAyt i, sl Rt ke e e . WA 5 1 kAL AL
AR ECAU G 71, DASSGRE S ] BB AT AR 5 B v 0 AR B AR P A ) I B i T
FE. pHZ), XUETHMMERSAWIEE. &5, MBRBUFHUZ HIEE, KEME,
EAEMFARN T Z G E, PGV R (AR R ) % At
SEER: B

JESC ) ELE b E kL 2020,(18),5-8 DOI:10.15906/).cnki.cn11-2975/5.20201802
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PEMR
R R EEKEN R TFEBEE K, BELFMENARBY
M

IStk MG RITR EEE /M REF
AR R R R B R SRR A ST S O TLIR SR A2 LAWK = A
Bt LR B KRB TREBAT A O RS ERE KR 2ER L ELRF RGO

B OB ARSI E A K 32.16%. 36.13%. 39.59% M1 41.24% 1145 IG5 RERT & b BHA> BT N
TR 1#~A#) AT I 95 5 = K 7 %% (Portunus trituberculatus), #]44°F- 3544 5 J9(10.9840.28) g Hifk 120
d, DAERFTIARLER H KR =R T B MR AR A O SR B AL BRI 2« 5 RE R, TRHER HKF
XP IS TR 2 A N MER A K TE B 2 s TR SALME AR 11 B B4 BOR S T & S B i (P<0.05) s ALk
A2 G HEHOR R R B e (P<0.05), FADRE SRR A#2H 10 IR IORE t 2 e 3 e TR 12
Tk} 2#41(P<0.05), 1L A AR A& s U ZE vk L2 AT k) 3u4 Hh 45 5 (P<0.05) s BB Hh (R JIE &5
TR R FACE R N2 BT (P<0.05),  JHHBRBRAIILA S S S AEIRDRL L#2H v f e T PR
280 i (IK(P<0.05) . TAlE} 1#ZHANTERL 3N 1) 50 75 2 IR MR (CEAA) AL JE 4 T A FEFR(INEAA)
Bl E & T 4 2 4(P<0.05). £5 PR, FEARSLIGKME T, =P0he 7 BRI A NELERL Ahod B K
4979 40.16%. BIFFERH], iR EOBRER FKSERT DL =R T B B R LU B RILA B E TR T A
TIE IR =R T I SRR S %

R =P TR EAUKF IR A AR

Effects of dietary protein levels on the growth, ovarian development and biochemical composition of the
swimming crab(Portunus trituberculatus)
HE Xianlin LIU Meimei ZHU Shaicheng DONG Zhiguo WAN Xihe WU Xugan
Center for Fish Nutrition and Environmental Ecology, Ministry of Agriculture and Villages, Shanghai
Ocean University Key Laboratory of Marine Biotechnology of Jiangsu Province, Jiangsu Ocean
University Jiangsu Marine Fisheries Research Institute Shanghai Aquaculture Engineering Research
Center, Shanghai Ocean University National Experimental Teaching Demonstration Center of Aquatic
Science, Shanghai Ocean University
Abstract: The study was designed to investigate the effects of dietary protein levels on the growth, ovarian
development, and biochemical composition of the swimming crab Portunus trituberculatus (initial body weight

of 10.98+0.28 g). Four experimental diets, which were isoenergic and islipidic, were formulated to contain
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different protein levels (30%, 34%, 38%, and 42%, defined as diets 1~4, respecitvely). These diets were fed to
pond-reared P. trituberculatus females for a 120-day culture experiment. The results showed that: The dietary
protein levels had no significant influence on the growth of pond-reared P. trituberculatus females. Diet 3 had the
highest gonadosomatic index (GSI) and total edible yield (TEY). The crude protein contents in the ovary and
hepatopancreas increased significantly with the increasing dietary protein (P<0.05). Among the four treatments,
diets 1 and 3 had the highest crude protein contents in the muscles (P<0.05). Similarly, an increasing trend was
found for the total lipid contents in the ovary with the increasing levels of dietary protein (P<0.05). Diet 1 had
the highest total lipid contents in the hepatopancreas and muscles, while the lowest total lipid content was found
for diet 2 (P<0.05). The contents of total essential amino acids (3 EAA) and non-essential amino acids (3 NEAA)
in the muscles of diets 1 and 3 were significantly higher than those of the other two treatments (P<0.05). These
results indicate that the appropriate protein level in the diet of adult P. trituberculatus females is approximately
40.16%. The results show that an appropriate dietary protein level could improve ovarian development and
muscle nutrition, which provides a reference for the formulation of a diet for P. trituberculatus inhabiting a pond.
Keyword: Portunus trituberculatus; Dietary protein levels; Ovarian development; Biochemical composition;

—PERR ¥ #E (Portunus trituberculatus) ) 32 70 A1 T AR Wi, 3R E IR HE EZ W FREL 5
RIS, BHET, 7EVLIR. Wi ANAE @& iz 775 (Dong et al, 2010; M %S, 2019), 2018 4F
TBIEFRIE ™ Bk 3] 116251 t CRRAT B ABUE # R, 2019). HET, FRE =R 18
YR T EAR S R B RR VKB 2 S ARG DISREE,  iXPh e RAR 20 5 51 IR R4
T FEERA, I3 BRI RCRAN G b B S AR g, 2 b A e R JE (W et al, 2010); 53
— i, RERRKE R i SRR ok 1 ERIR T, B0y B IR AL B 7 A
A (Cao et al, 2015). PRI, WA RS K& PR & T RE A AE 44T

e MO 28 R SRR & TR EE T, b, | REEREIR
SR —, WK AR R E TR, X TRk A s A Kk & M4ERrL
PR IE AR A sl B B S (FE FREAR, 2011) . TR 7K 5T B AMY B RN IR T AR,
H W R EC T BAS IR RS, Tk i 8 H R AN e = S EUE RO gz s ok, T
AR R AR A FRY, WARER T RZHEAR, RA #0048 &
F5t, HR AR B UK AL e B, SORBEINRL A AT U HEE (Bai et al, 2016; 22 251155,
2018). AR=PR TFENEREFHFLFRHmZFEM, Huo 5(2014) AYIIGIAE N
(3.75+0.20) g I =HER T BELH BEONBT FUN GIRIE 8 J, 45 RR W], bk 8 (1 o AN A 215t
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IR EE 1 IR Ko B BRIV SRR A AT A 3B, 51%HE KA 5%JI8 K
SRR S =R T AR A K Jin 45(2013) AR UG A B (2.50+£0.08) g M =JEMR T
BRI TN RIRE 8, AUREW], TR A E AR R RBON B B R AR A
HROM, AE 50.2%TEEHE FUKCP T A ORI R AR AR KR X 7Y R B AR T4
BB B, HAFEAAESNEMOKIFERGHBATOI. Sebr b, JRE =P 7857 E 1 2
TWIEIRGE AT T kAT, HIRGE G IR R B e KT IR . 124 ik, AR =
RTEEAAEZEINBIERAT T, EEREREA S IR, XM T HE SR I A .

PRIk, ASHEFCAE B AMBIE SRR T, SRR B KP4 S5 L& TRDRHBR = 8
T 120d, BT IRHE AR 500 A K 0 SR B A AL s, LU
SR TR AR R S %
1 RS 58
1.1 SER AR i

WA SE R = PR TR HORT (B IREE, 2011), it 4 FOR R 8 (AP I SeBe ikl
CAfaoF . GORIRCEMISEN EEE VR, A AR S R AR IR, R O AT
YL RLE BE A, (845 4 ZARDRE IR AP ANR], (B IR RTS Be K F EA — 3
Sralie kL 1-ERE 4. TRHECHIET, Pra ks R AR R I 60 H i, 2L 1 14
BT R R GHURE15), AR5 RSO/ AL MBS s Bt vE A 1R (DSD30 15
Bl BF R UGB AT BR A J)RAR 20N 1.6 mm(FRAESEH 0~60 d SR 3.5 mm(F7 58 SE
5 61~120 d 2RH). FrA SEI kMRS 7E 2 i S A H R 5 -20°COKAR IR A746 FH o Tkl
AR I E TR 1.4, % 2 AR RUE FR s RE R AN EEIR & & .
1.2 SR FBRFREEE

S0 A B ST R @ Y K PR IR A R m i SR Y, BRI DU AR A, T IR
SRR TR T S0, MEMACT R4 B D (10.98+0.28) g, BEAARCST 4K EE A(10.6620.42) g
FETE SV AP, R YR B b i (K x 58 xIR=14 mx11 mx 1.5 m)H 34T, B4
TYEBOMEEE 120 X, HEEE 60 Ko OAMEBEZ PR AR Eim, B DA Mk, e 2
TRB G MERRERE, LERMLIN IR B REFRIEEE . ARLish 4 Makd, &4
Tk E 3 N EE Y.

FEFEIANE], A H B4 08:00 F1 R4 16:00 #MEGERE, R4 MR LG (PR R A — R
BRI ELBNZIN 30%, N RIRMRELBIZ A 70%, HAERMRL) B SR E 1) 3%~5%. A
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PR MR AR AR . RIS OUIE S % . FREEIHIANEE 3 d ME — oK BT dE s, RE
KA BLAR R 4 MK A 1/3 17K, FREEE AR FrK R P bR 4EHE7E: pH 7.0~9.0; P97
>4 mg/L; RAEIKE<0.5 mg/L; WAHREWZ<0.15 mg/L. dboh, FRFAMAREE 15 d #4T
— R IR IR B ) R AN AR S SR AL UK L ARG R A A, PAREF R EFIK
Jio BERAREA MR EE UG TR AN A SR T 7 A NVRIFE, B 1 A TRIER
S, REAFEFHFA WL 4 AN H

R 1 LW 4 FTREE T (%)

Tab.1 Formulations of four experimental diets (%)

J5 £} Ingredients Tkl 1#Diet 1# TRl 2#Diet 2# TRl 3#Diet 3# 1K} 4#Diet 4#
5 ¥1-46% Soybean meal 12.00 13.00 14.00 15.00
2 H1-36%Rapeseed meal 8.00 10.00 12.00 14.00
% # [ Casein 2.60 3.60 4.60 5.60
1} Fish meal 14.00 18.00 22.00 26.00
5%E Squid paste 5.00 5.00 5.00 5.00
KR Shrimp paste 4.00 4.00 4.00 4.00
WP BEFY Yeast meal 2.00 2.00 2.00 2.00
A AR SR M Antarctic krill meal 4.00 4.00 4.00 4.00
1= K Wheat flour 28.00 22.00 16.00 10.00
R EFYEER Celluose 6.50 4.30 2.10 0.00
%1 -- Betonite 0.50 1.00 1.50 1.90
Z AR AL 'Vitamin premix! 0.80 0.80 0.80 0.80
L TR Al 2Mineral premix? 2.50 2.50 2.50 2.50
inoii)ﬁﬂ & (60%)Choline chloride 0.50 0.50 0.50 0.50
T SZ08 Betaine 0.15 0.15 0.15 0.15
4-f# R Taurine 0.30 0.30 0.30 0.30
& 5 £ Fish oil 2.60 2.30 2.00 1.70
¥& i Lard 2.00 2.00 2.00 2.00
& Soybean oil 1.80 1.80 1.80 1.80

% B Lecithin 2.00 2.00 2.00 2.00



v 1 4EERTURE (mg/kg TR 44K A, 125; 4842 D3, 30; 4E42 K E, 1300; 4E4 K Ks, 35.4;

YLK Bi, 1005 4EA3 By, 1505 4E7EE Be, 1505 4E7E3 B, 0.2; 48753 C, 1225 EWE, 4 D-
2R, 2505 MR, 25; MHEEAZ, 3002. B0 BUR B mg/kg 1Akl —/KERRIEER, 2005 TLKBRERE,

96; —/KERLIREF, 360; —/KBRERAR, 1205 —/KBilREE, 240; BEER 4, 4200; WERR =4, 500;
WALER, 5.4; ZOKGEAGES, 2.1 EMIERE, 3; BERR —&45, 15000; A/KEALE:, 2.1; IEMELE, 3Note:
1. Vitamin mixture(mg/kg diet): retinol acetate, 125; cholecalciferol, 30; alpha-tocopherol, 1300; menadione,
35.4; thiamine, 100; riboflavin, 150; Vitamin Bs, 150; vitamin B, 0.2; Vitamin C, 1225; biotin, 4; D - calcium
pantothenate, 250; folic acid, 25; nicotinamide, 3002. Mineral mixture(mg/kg diet): FeSO4-H,O, 200;
CuS04-5H20, 96; ZnSO4-H20, 360; MnSO4-H>0, 120; MgSO4-H>0, 240; KH2PO4, 4200; NaH2PO4, 500; KI,

5.4; CoCl-6H,0, 2.1; NaxSeOs, 3; Ca(H2PO4),, 15000; CoClz-6H>0, 2.1; NaxSeOs, 3
£ ZEEREAERRS. EREREMEMRC. T

Tab.2? Proximate composition, energy and amino acid
composition of four expenimental diets (%, Dry weight)

mH I & EE 2% EE o EH e
Items Dhet 1# Dhet 2= Dhet 3= Dhetd=
W8 5 FE A 4 Proximate nutritional composition (%)
7 41 Moisture 11.87 12.98 11.92 10.25
% 1 Crude protem  32.16  36.13 3959 4124
$8H Total Lipid 15.17 15.24 16.12 16.58
WAt Ash 9.69 11.10 12.05 13.29

il Enerzy (klVz)! 18.51

B3k A% 5l (me/g) Amino acid composition (mg/z)

18.33

18.77

19.00

RACEM De 1396 1663 1794 1911
FEEME Leu 2389 2897 3116 3231
i SRR Lys 1918 2484 2748 2919
S AR Met 6.69 5.48 9.14 930
HPH M Phe 1390 1663 1777 1827
A E M The 1225 1516 1663 1738
Nk Tp 4121 492 541 5.83
£ S W Val 1538 1870 2015 2201
FiSAR Are 1821 2212 2418 2535
] E W His 908 1185 1260 13.70
T EAAT 135674 16829 18245 19245
FIT5ERE Asp 2808 3451 3786 3978
2 SRR Ser 1254 1467 1663 1649
THE M Gl 5912 €793 7056 7031
H#E 8 Gly 1600 1908 2168 2295
FHENE Ala 1685 2016 2259 2380
4 Bk B M Cys 352 435 6.30 6.69
[ 1004 1255 1345 1443
Al S A% Pro 1623 1783 1800 1830
I NEAA® 16237 19109 20708 213.04
TAAY 29911 35938 389.55 40550
EAATAA 0.46 0.47 0.47 047

e VYRR AR, BN, KL SRS (23.01. 38.07 F1 17.15 kI/g) iS4 R A B (Anderson et al,
2003); 2 YEAA Fn i b FEZIERR; * YNEAA Km0 FHEER; ¢ TAA FRSEIER - Note: ! Dietary

energy was calculated based on the energy of protein, lipid and carbohydrate (23.01, 38.07 and 17.15



kJ/g); 2 YEAA means total essential amino acids;*Y NEAA means total non-essential amino aicds;* TAA means

total amino acids

1.3 FEaSREN L]

UG FE R 40 d FTREARE — IR, ANBIEBENIRAE 10 R, FfcE s, H
TFESF R E . 1 5 % (Weight gain rate, WGR)FI4% & 1K Z (Specific growth rate, SGR).
AR AR T

WGR(%)=100x(W—W¢1)/W¢ i

SGR(%/d)=100x(LnWLnW¢ 1)/d

X, Weo Wor 20 BIONSRER S t ATHER PRI B (@) RS 1 TRERF IR E (), d M
FEHREL, BIRRFTRERT R 2

ARG R AT 120 RIOFE s T A REAEM A S E . REERTHE R —R, B
NUNEE CVBIEREE 4 RAGE G e, B ST AR5 BT RTPOREHE =
0.01 g)FRE, bR R ROEHHE =0.02 mm)ll & FF 52 KR 5%, SREFTImAmE, W
HH g B OE R 1) B R AR AN O B, RS AR 22 S 0 9l v 55 0P .45 2 (Gonadosomatic index, GST) Al
JiE R+ £ (Hepatosomatic index, HSI). &5l HIEFEAND & R Fr A LA, T8 5 H 2R (Meat
yield, MY). K2 2015 5 7] & 3 (Total edible yield, TEY)F1JIE# & (Condition factor, CF).
B M IRAR . SR ERIILA 7 BN A 485, ORAE T —40°CUKAR T I T J5 80l € .« #4815
HEARLTR:

GSI(%)= 100%xW /W

HSI(%)= 100%xWi/W

MY (%)= 100%xWw/W

TEY (%)= GSI + HIS + MY

CF= W/L"3

A, W WK R (g), Wn WEAKRTHREE (), W NERNATREE), W
NPT AR R (g), L ANHFEK(cm).

1.4 ARG T

W B MIEREER) 2 MMERIN L, BRI 20 50608, RAA R THET 48 h

5T = oA TR P K o & 25 F T 5 S0 A a0 s SR A L IR 8 80200 B ot (kL 2



T E(AOAC, 1995); 27 Folch &5(1957)1) 7715, ST © HEE(V/V=2 o 1DIEDE Al
EFE I EUIR S B CR ] 550°CRIBRIE I E 5 T B K 73 B (AOAC, 1995); K H 28 -fi
BRI 72 B B B K AL B0 & B (AOAC, 1995). 5 FH ERMR /K ik Il 52 B i i S S R R 4
fif(Blackburn et al, 1984), L2 FRI & K 6 14 7K fif2:(Chen et al, 2007), & i Z 2R E K
FH ik % FF R /K fig%(Spindler et al, 1985), 7Kf# )5 HURE R ISFE R B 1 2l 73 HT1X(S-433D, 1
[ Sykam 2 7)) EHEAT & HEAE BT . G K& B E 2 AOAC bk 5%, T
oA A=A A3 1 4 BT 3555 2H 43 AR A A3 I 5 1 A I
1.5 g

I S0 B0 24K FH S S (B b7 HE 22 (Mean=SD) % 7%, SKFH SPSS 22.0 Bt o} St $dhe
BEATGETT 90870 SR Levene VA% AT HURREAT 77 28 S MERIG, 2ANT 2 51 07 220 % 1 4%

H B 3647 s IESZ T R AL . SR FH ANOVA X SEB 45 S k47 77 224347, KA Duncan [K

PIATZ EIR, BLP<0.05 AZEFEE.

2 BER54
2.1 FERVREK PRSI0 T M K. SRR BT AR
= ¢ » o [ Iﬂlﬂ g = Dict 1
o s ™lunan S e
= 150 150 9 = Diet 4
Y ab |ab ¢
2 100 100 ¥
g : babb ﬁ 2
£ 50 50 . B
0 0 £0
40 80 120 0-40 41-80 81-120 0-120 40 80 120 0-120
fif[E] Time/d ff[B] Time/d it [A] Time/d

B 1 AR B KN =5 T MR A KR

Fig.1 Effects of dietary protein levels on growth of female P. trituberculatus

& 3 FREBKTN=Z5R T MR TR R B A R RKIR T (0=3)
Tab.3 Effects of dietary protein levels on ovarian development and edible yield of female adult P.
trituberculatus(n=3)

T H Items TRl 1# Diet 1# TAKl 2# Diet 2# 1Kl 3# Diet 3# 1AK} 4# Diet 4#
GUELFEH GSI (%) 2.70+0.67 2.38+0.372 4.49+1.22° 3.57+1.01°
TR 45 % HSI (%) 8.54+0.80 6.39+0.63 8.90+0.84 7.52+0.32

HIRZE MY (%) 29.40+0.24 27.47+1.89 28.57+1.65 28.53+1.97
MA[EZE TEY (%)  40.40£1.47®  35.23£2.00° 42.84+3.21° 39.52+2.40%
AEHE . CF 0.53+0.02 0.56+0.01 0.53+0.01 0.55+0.04

VE: SEIREAR N X£SD;  [FATHEIR AR /NG FBF R IR 22 7 5. 3 (P<0.05)Notes: The date were presented as
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X+SD; values within the same row with different letters mean significant difference (P<0.05)
2.2 FREAKPX SPR F B A R E A R

kLR KPR =R 1 B 2R B AR A A R SR AN 35 4 B o KT & bkl 144 IR L
& B HI(P<0.05), Ak 244 1) AT AR P 5 B = (P<0.05), T AULPAT h JE 2 35 A2 AK(P>0.05); Wtk e 1
ME, Gk 4#ZH i IR S b & B A i (P<0.05), JHBRIRhaRL S#ALAIIARL 4 25 v T4kl 12l A
2#41(P<0.05), WP FFPRLER (1 A A DR AARE THAEAITRDRL 3#4E 2 3 = T 3 A 4H.(P<0.05);s & T
5, UREP S EEE E AN E EHEH(P<0.05), I EEIRAVLA R S IR 1
e, PR 284 th B AR (P<0.05): SUS BRI &, I SLAH SR o i) & B AE AR 3addvh B

(P>0.05), WL & RAEARL 1#41 5% 5(P<0.05).

GSI

32 36 40 42
Protein level

B 2 BR R AS F R X =R T B A TR AR B 3 SR R AT
Fig.2 Broken-line model analysis of the relationship of gonadosomatic index with dietary protein levels of
female adult P. trituberculatus
4 FAHFEEKFH=fHFHEEAAPHNE LARAER (. BE) (r=3)

Tab4 Effects of dietary protein levels on proximate ompesition of female adult P mrirubercnlarus (%, Wet weight) (n=1)

TiH Items ¥ 1% Diet 12 ¥ 22 Diet 22 il 32 Diat 32 fil#d 42 Diet 42

B Ovary

# 4+ Moisture 67.94=1 6Tk 54874581 54.08£1.03= 54.5320.75¢

BlEA Crude protein 20.4940.53* 20.24+1.18° 25.5440.69" 29.0520.23¢

L5 Total Lipid 7.380.65° 7.780.334 10.99-+1 41" 12.89+0.37¢

BRIk 28 Total carbohydrate 0.7220.03+ 0.7820.14 0.980.19* 0.9220.02=
HF B8 Hepatopancreas

5+ Moisture 65.59+5 93+ 74054 76" 63.53=1.05° 67.3320.05°

BEM Crude protein 10.25£0.33= 10.56=1.11= 14.07=1.54b 13.2420.17"

G5 Total Lipid 18.00+2.92¢ 10.4620.42 16.17<] 45" 14.070.09"

ELURR K {E &% Total carbohydrate 1.72£0.22% 1.190.12# 1.7320.23k 0.91+0.09*
I Muscle

# 4+ Moisture §2.91+2.08 56.1821.02 82.46£5.79 §35.0622.81

BEM Crude protein 14,3240 38 10.61=0.33 13.74=1 38¢ 12.32+] 464

HfE Total lipid 0.9420.09" 0.6420.05 0.5320.15% 0.890.138

SEAE S Total carbohydrate 0.7420.15¢ 0.3620.02¢ 0.5520.040 0.47£0.05%

iF: SRS S Mean=SD: FiTEHEARASFHERERRF(P=0.03)
Notes: The date were presented as Mean+5D; values within the same row with different letters mean significant difference
{P=0.03)


https://kns.cnki.net/KXReader/Detail/GetImg?filename=images/HYSC20200729000_93.jpg&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

2.3 HRE KN =R T B AN N R ERA R

Tl £ KX = epe T B LA R SRR AL R R M N 3R 5 B o WL AR AS I 18 Foh
BAEMR, HPNELFHEIEMR(EAA)0 M B MR E IR S BN B9 mg/g), TR
T AR TR & AR RAR(<2 mg/g), FHA, TRl 1R ARl 3#d i R E R R
R HER. RNER. FHRER. TER. ARR. SERNEARS = RE T
Bl 2#FITAERL 4#4H(P<0.05); AE T B IEFR(NEAA) R 1 22 R TR A4 &R & S AR XA (<5
mg/g), HRTEBRT 8 mg/g. Bk b, 1Ak 142 AmRL 3#2 — ek T BN H 1) 8
FHREMRCEAA N R IAEL TR ONEAA) S & 53 & TRl 28 5B 4#4H.(P<0.05).
3 Wik
3.1 FREREACEN 50K T B MR L KNI R R B RRR

ARSI R I R EA R 2 —, W HAKR E %6 (Resources, 2011). A
T RELW, EANBIEFRFZAE T, Wk B AP A A K TE R E R, T AR A
()RR FE TR S T (2 0.1~0.3 R/m*), falkba 3200 8 1 /KF A) L 2 H EH 4
KR QFkl TR 2#4AR 7 B R T REE I & 2 i Rk R HAE KR B E A
JRANGEFERR T oK . OISR =R T M M T A2 —, OER H IR B
SR TEEBE IR KU E A TEYERE(Wu et al, 20105 RJBTEE, 2014). 5%
ZNAI G0 B SRR 2 R AE O B A P O AR 2R O 9 A VR IE VR (Yang et al, 2005), T
IR AR EE O R R A BEIRAISE IS N R4 (Coccia et al, 2010). AHFFEHT, 1
Bl 3#H (R A S RN 39.59%)MEA M U S H R 2w TR R 204, X R TR R i
(e A r DM O BB R A i, R LN SRR AR O SR . X 54
B FEUT (Cherax quadricarinatus) (B 75 45 J 2 LA (Rodriguez-Gonzalez et al, 2009).

SEHTA WAL BN X AR TE TR ST, BT MERAE K. A mRCRE. W, oy
e ZRTURURYL AL B2 O 5w 5 A A 2H RS FR AR PPN — AR T B A T e o 08 B 2R
R A & R R HAR A, S5 RERM, SRR T B A K S AN A AR R E R
F7KF 41.52%(B 4, 2011), IXI& = T A 745 18(39.59%)  IX A] BEAZ KA AT 57 SE
56 FRDRH B REL I 5 7K P (15%) 35 35 1 T2 907 %~11%), 38 2442 iRk v (R R AR B 7K ST T BA
WS ER B R, AT B 8 1 75 R (Catacutan, 2002).

SERTAE S A TRIE SR T RIRE AR, =P T B4 (R E Ny 2.50~42.9 o)tk dit &
FIRE RN 45% 24 (T H 4R, 2003), X35 T =5k 7 B MR E IEDRH @ B & B K1
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(40%/cA7). HIBETT I, =ehR 5 B AE A AN S B IR B8 IR 7 RAFAE R e o

W, =R T B R R B 2 e B EORMIR AR T A 1R (Jin et al, 2015), 1 905K B B B
T 15 IR i R S8 R 1 B PR SR A2 IR B 5K (Ding et al, 2017).

R 5 FREOKEN =R T EBEAN A EERARKIE (%, BE) (0=3)
Tab.5 Effects of dietary protein level on amino acid composition in muscle of female adult P.

trituberculatus (%, Wet weight) (n=3)

WiH Ttems Takl 1# Diet 1# 1AElL 2# Diet 2# 1AEl 3# Diet 3# TAlf}l 4# Diet 4#

BRI & E(mg/g, ) Amino acid composition (mg/g, Wet weight)

S ER lle 5.42+0.23¢ 4.23+0.01° 5.53+0.15° 4.95+0.03°
2R Leu 9.30+0.00° 7.15+0.00? 9.56+0.01¢ 8.30+0.00°
HEATR Lys 9.60+0.71° 6.98+0.02° 9.73+0.55° 8.25+0.14
HEAE Met 3.50+0.15¢ 2.70+0.04* 3.65+0.19¢ 3.08+0.02°
FKNEEE Phe  5.27+0.01° 3.99+0.01% 5.33+0.03¢ 4.61+0.02°
FRERE Cys  2.07+0.28° 1.50£0.24 1.70+0.12% 1.75+0.06®
N8R Thr 5.34+0.16° 4.05+0.01° 5.45+0.06° 4.70+0.05"
IR Trp 1.45+0.02°¢ 1.07+0.022 1.45+0.03¢ 1.27+0.05"
4z 18 Val 5.64+0.05¢ 4.45+0.10° 5.8240.31° 5.1740.05°
MR L Tyr 5.02+0.04¢ 3.75+0.11° 4.93+0.05° 4.32+0.11°
YEAA! 52.60+0.80¢ 39.87+0.12° 53.15+0.56° 46.39+0.04°
RITEER Asp 12.24+0.24° 9.32+0.02° 12.39+0.04¢ 10.88+0.08°
2R Ser 4.97+0.24¢ 3.78+0.00° 5.00+0.26° 4.37+0.03"
HEE Glu 20.21+0.61¢ 15.05+0.01° 20.54+0.15¢ 17.33+0.00P
HZ® Gly 9.47+0.32¢ 7.59+0.02° 8.87+0.03" 8.73+0.07°
WA Ala 8.67+0.49° 6.33+0.00° 7.78+0.05" 6.98+0.01°
JifiZ & Pro 8.26+0.36° 6.15+0.10% 6.71+0.59* 5.99+0.02°
IR Arg 12.47+0.20¢ 9.53+0.02° 11.96+0.01¢ 10.56+0.10°
HE R His 3.15+0.12° 2.39+0.01° 3.33+0.01¢ 2.84+0.10°
YNEAA? 79.46+1.62° 60.15+0.10° 76.57+0.14° 67.70+0.17°
TAA3 132.06+2.41° 100.02+0.22? 129.72+0.41° 114.10+0.21°
EAA/TAA 0.40:£0.00 0.40+0.00 0.41+0.00 0.4120.00

W
i
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H: 'YEAA RRBLTEEER; 2 YNEAA RRLIEVDFHEIREEE: ° TAA RARNEER: SLRHHEA
MeantSD; [A) 41T 24 A [F) /N 5 & BE R 7R %2 573 2 3% (P<0.05)Notes: ' YEAA means total essential amino
acids;?> Y NEAA means total non-essential amino aicds;®> TAA means total amino acids.the date were presented as

Mean+SD; values within the same row with different letters mean significant difference(P<0.05)

3.2 BRIER B AKCER =508 T B M A AL A RS

ARG AR BT TN =R T I E R A IME(R B TEE, 2014). EA
Wi, BEERLE AR S, ZPER T AN A R P R A S R R R
BTSSR R AR B R TR KT R . SR TN E
JRARXSSE 22, DT SOH: O SR o 2 1 AR SR 1938 I (Unnikrishnan et al, 2010). B 15
BHE KT 5 s, TkE 3R TARL 4#ZERE 0P S b i Al B R RN, XATRE S 2 4
HEE A O SRR BB A O, OP SR B R R, HLOR S K S R UG, (HEE A
JE I 2 B (T4 5545, 2007; Rosa et al, 2002).
3.3 FIRIER A AR =R T B MR UL S R A R R

D IFERE N E KR FAEF EE,  HKP= S 0 75 R R B R VPN
B R it R AR AR (W et al, 2010). A% FAO/WHO [F ARG, b2 Hma
FER M EFBR(EAA/TAA)FEREELAE A 0.4 £ 4 (FAO, 1985), AW H, 4 FhiE ARk
FEREI = PERR T L R )0 T SRR V) & 3T B Tz AR AR UE . JeRT IR, =ik
R B 1 2 R R B R 70 0 Bl R A R (R R R o e R ) M R e R (R B4R,
2009), AWFFARKY, X =M FRE SRR & EIETRL AR ERL 3#H MEA LA AL
o BRERFIRAZIR A 2 P 2 EER RN, HE MR 3pdi ik B, HEM
Bl 3 =i TN BA B 1 E IR R .

gr BRIR, BETIIEIRGE S AF N =0 T B AT O SR BOR A AL L e AL, @G
YEIRIAAAT T =P T B A B AR R P& B B KP4 40.16% .
SEHR: B

JESCTPEAE QLR RS ERE) 4% B R [A]: 2020-07-31 09:51:39
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EAEARNMkEsT B EFEPEGESZE K, HRATREAIAS
RSN

B kY IS EXE FEK T4
R AR R TG E B IR 2K =R B R R SRR TG O B F=RHEARE F Bk
VR ST O AR LA ER R K Y 5 7 R R R P B R S
W OB TR SRRt ARGk B R (V) SR B P B A SRR LR, ARSI I e SRR T
T BRTRIE P R 1 A KRR L MR BRI E RISy, FRRE B LU T AR AT L 1Y R
R E M TS AR A SE AN o 25 R RoR : ORC S 1Rk 2E 1) i AR 0. 25 v T-OK 2, T AR AR ot &
WEE AR REE KRB RN AR R, EARBISEINE, AR ER AR N Tk, H
B 3 YRIAT G A ZE R R W RN MERR IR IIAETE 2SR, R MERETE S 2 YOl S R A TRk
MR /N T UK, TR BETE SR 1 IRRISE 4 TRIESE)E 2 NI BC A TR B3 K Tk dl. @R
e AR L S RRLRIDK 1 2 ZHEEWR T 23050y 3.599%F1 4.45%, TEBRTE R & 73l 3.20%F1 2.25%, fit
FRAR BN ME IR FE B — AR T R 25 . OTENNEIER S =71, RS E(TAA). LFHE
FER B (CTEAA) A R ZUEEIR S (S FAA) L & T R H 235 /N T ok 20 s NSRANEURE IR, AR (Lys)
ARG 2R (Arg) & G & TR HE Y 2 /N T-oK 40, 1T J 2R (Pro) & & U2 Fic & PP Y2 2 K T ok i . @
LA NG IR & 85T, o FE AN I [ R (CHUFA) AT DHA+EPA & 8Bt & i BH 4 535w T ok 2, A
BAEWIRE, BAEAEITRR(CMUFA)H C16:1 F1 C18:1n-91 & &t &1 k4L B 2/ N Tk fadl, %
A AR WTER (CPUFA)H () ARA F1 DHA Tt & iR H0 5538 v Tk fadl . WU R W, 182 AR R4
T, BoA TR PR B A K BRI S5 R vk 2, T/ AR R T RS R AR T ok
2, FCA TR ek B TR Y B AT R R AR
REEWH: PHRGUEEE, A KVERE, YRR, BRI AT,
Effects of the growth, gonadal development and muscle quality on Eriocheir sinensis under the monomer
culture with formula feed and frozen fish
Feng Wei Li Hui Tang Yongkai Su Shengyan Wang Meiyao Li Jianlin Yu Juhua
Wauxi Fisheries College, Nanjing Agricultural University National Demonstration Center for

Experimental Fisheries Science Education, Shanghai Ocean University Key Laboratory of Freshwater

Fisheries and Germplasm Resources Utilization, Ministry of Agriculture, Freshwater Fisheries Research
Center, Chinese Academy of Fishery Sciences

Abstract: In order to study the effect of formula feed and frozen fish on the breeding performance and nutritional
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status of Eriocheir sinensis, this experiment analyzed the growth performance, gonadal development and nutrient
composition of monocultured Chinese mitten crab by continuous sampling, and further compared the FBI, WGR,
SGR, SR and MI. The results showed that: (DIn terms of survival rate, the formula feed group was significantly
higher than the frozen fish group, while there was no significant difference in the FBI, WGR, SGR and MI
between the two groups. At different stages of molting, the formula feed group of the body weight was smaller
than the frozen fish group, and the differences between the two groups after the third molting was significant; the
weight gain rate was different between the female and male crabs, and the weight gain rate of formula feed group
in the female crab was significantly smaller than that of the frozen fish group after the second molting, while the
male crabs in the two stages after the first and fourth molting were significantly larger than the frozen fish group.
(2The hepatopancreas index was 3.59% and 4.45% under the formula feed and frozen fish groups, respectively,
the gonadal index was 3.20% and 2.25%, and the hepatopancreas index and gonadal index were not significant
differences under the two groups. ®)In terms of muscle amino acid content, the total amino acids, total essential
amino acids and total flavor amino acids in the formula feed group was significantly smaller than that of the
frozen fish group; from a single amino acid, the lysine and arginine content of the formula feed group was
significantly smaller than that of the frozen fish group, and the content of proline is significantly greater in
formula feed than the frozen fish group. @In terms of muscle fatty acid content, the highly unsaturated fatty
acid and DHA+EPA content of the formula feed group was significantly higher than the frozen fish group; from
the perspective of a single fatty acid, in the monounsaturated fatty acid C16:1 and C18:1n-91 content of the
formula feed group was significantly smaller than the frozen fish group, but in the polyunsaturated fatty acid
ARA and DHA of formula feed group was significantly higher than the frozen fish group. Studies have shown
that the formula feed group is close to the frozen fish group in the growth performance and muscle quality of the
Chinese mitten crab, but the gonad development and survival rate fed with formula feed are better than the frozen
fish group under the monomer culture conditions, which has more development advantages on Aquaculture.
Keyword: Eriocheir sinensis; growth performance; gonadal development; nutritional quality; monomer culture;
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FEARE FRIA b BN R i B B R R 2 Pl H i b AR B B IR T SO E SR, AR
PRI IRt BRWIATGAT . A, BORCLRBC &R, (H2RE th g R iE - E 1


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=Eriocheir%20sinensis&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=growth%20performance&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=gonadal%20development&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=nutritional%20quality&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=monomer%20culture&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5NHhKRjdrVHMrZzljK2hZNVZOSkFvND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
javascript:void(0);
javascript:void(0);
javascript:void(0);

AW Th, B2 R R BRSBTS IR TUERAL, T ERHRN ) $5 MR T 4 Bk i R
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IKIFE RS H RIK, KRN (2543) °C, fRFFEHEMHA Smg/L UL, /E/NT 0.2 mg/L,

pH 4 7.0~8.5. HAELREIE LA TR 7d DUERZFREASEE, SLIRTAE S 24 he FRH
W], RERAE 7:00—8:00. 17:00—18:00 PN [A] BEHEAT U AR MR (KRBT R 2%~5%),
FEAR AR S A A KB & AR, e T EL RS AR SR KAEEK, FREEEIIA 3 H 26 H 3

11 A20H, 3t 240d.
1 EAHMKAEFRRSEE (FTH)

Tab.1 Comparison of the nutrient ingredients with formula feed and frozen fish (dry weight) %
J%51 3 LR S &1
component analysis  formula feed frozen fish
7K43 moisture 11.33+0.27°  79.15+0.58°
FHE A crude protein 42.60+£0.83° 62.67+1.32°
BIET total lipid 8.04+£0.22°  18.36+1.27°

K5y ash 16.21+0.04*  13.92+0.93°

E: FITARNS FRHEER B (P<0.05), AFKEFEERORZERNEZ (P<0.01), T[A Notes:
different lowercase letters in the same line indicated significant differences (P<0.05) and different uppercase
letters indicated extremely significant differences(P<0.01), the same below

1.3 FEmRE

TE S50 BA [R] Hr Ae 2k Z2E BE AR 1 IR5%, A0Sk — IR FE ARG N 1A] (molting intervals, d), 1%
[ Ry B K P R 8 B SR 52 TR AR B T — IR S 45 RO T 5 BB ], 3 d 5 S5 Ak JE PR e
R (BERARRAK ) T EME R, Rt KRR R, RrFREA g G, M
T 2H R A R A A ) P AR R R L B 6 L BREUAR R IFEUH BT LA, BT AR AN
PERR, JCT-80 °CLRAE, AT a4
1.4 B HT

A KFebr 1Y 5 R (weight gain rate, WGR, %) = (Wn-Wa.1 )/ W1x100%

K 58 4 K (specific growth rate, SGR, %) = (InW-InWi.1 )/tx100%

1795 % (survival rate, SR, %)= N¢/ Nox 100%

JiT fi Ji 45 %5 (hepatosomatic index, HSI, %)=Wn/Wx100%

M iR 46 $(gonadosomatic index, GSI, %)=Ws/Wx100%

JIEE3%5 B (condition factor, CF , g/em®)=W/L3x100

A, W NS n U525 BT IR (), Wi VEEEE n-1 KIS0 7E & T 22 445 B
(g), t NWLFRMIBGH(), NOABELKRANEG No NEVIIEANE, Wi NEFBERE (), Wl



BRI E R (g), W B (g), L kMHK(cm).

T AR AL R AN R 58 Hh AR B B JUL P S R AH ORT £ =, R AR
600.0 mg /= A7 d F/KMERIRE G, T4 K AR E R AR, 228 8 mL HCL JFR R H5)/K
R, DRUERE SIS R, 2, 4ERF Smin Jo, FEPDRMIAT BB, (110£1) °CK
fi# 22~24h, YIFFKFREH LB TR S 25 mL FEMP. €2, PUZIEAGTIE, W
VRV 1 mL B T 25 mL /NG, ZE 0 NaOH 1 378 T35 TR 28 T ORI AN TS 50 °C),
IO 1 mL pH2.2 HIZEBR ARG, A 1.5 mL (9204 . 10 000 r/min 20> 10 min,
W BB 0.5 mL TSR IIE, P AR 9 SR VAR (i A

R WTBRZELAY, R FH TR VA — AU 2000 s S8 A JL DAY IR 7 R 2 R S AR 5 2, BT 40 L ) %
T ) AR AR B R LIRS T AR D R 4 A, e iR IR A s R FH &0 © R D HoO0=2 0 2
1 2 S AR, 207 F 1 molV/L KOH-H EEAT 0.5 mol/L iR FF B v e B 0 R FR i 1k, P
IEPEGE AR IR TR G . PR B BRI S, B SO AR O AT . BT AAX
2N Agilent 7890B-5977A “UAH B iE- BTG K FH X (GC-MS)

1.5 iR A

% FH SPSS 24.0 B AF XTSI EHE AT 7 ZE SR, KA One-Way ANOVA ISl t 6
SO AT & T b E) 10 22 e, B DL SME AR HE 2 (meantSD) T RK IR, P<0.05 A%
FEF, P<0.01 AZEFWEE.
28R
2.1 KR

22 ECET R AN K R eh ek A R R B n=50

Tab.2 The effect of the growth performance of E. sinensis reared in the “Crab Palace” system with formula feed and frozen fish

IHE -+ e

il female M male

i the sum of female and male

items et vkta e 7 ) gl Uk i e 75 ke VRt
formula feed frozen fish formula feed frozen fish formula feed frozen fish
75.007 50.00% 41.674 37.50% 58.334 43.75P
7.63+3.49° 8.72+3.75° 8.99+3.30° 8.00:+3.05° 8.31+3.86° 8.40+3.63°
37.96+9.41° 39.05+7.82° 34.38+6.85" 37.87+9.60" 35.41+8.69" 38.42+8.69"
406.50+95.59° 433.64+161.80° 360.324170.78° 428.00+164.07° 385.38+135.37° 430.64+160.39°
5 1 42 /%SGR 0.90+0.112 0.91+0.18* 0.83+0.20% 0.90+0.16" 0.87+0.16* 0.91+0.16*
dig 5z b /d - MI 52.73+24.40" 49.57+23.38" 51.84420.45 47.79+17.84" 52.23422.48° 48.68+20.61"

FERIEFT7 10, Hla R R UK A8 20 BGs 2253 71 9 58.33% M1 43.75%, 4 [AAFAEMN 2
EZEm(P<0.01), AKRMEPIE. WERE, FEEKE% 3 MEtrikad e T &k
(P>0.05), Wi7 Ak N2 ok AR T RS R (P>0.05) (3 2).

TEZFREM R P ARG B R 0L T 3~4 IR5%, VKA AR 5% 5 Hh AR B I A A0
THECETRIA, HUK A R R B S 3 O 5e f5 14 i & 0 25 i TR 1R (P<0.05),
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HES 4 RS )5 2 HIEA R VP H0E, BREER (P>0.05) (K 1.

MEEAR 7, B FRPANT G, . AP 3 B SRR KR R Rk 3,
55 3 YR AE 2 B PR R BE I AR K R R, T2 S R MR A K (F 2. H
T 2 IR SE )G, MERREE AR KR A AR R B = N 66.00%,  LLHC SRR IR R 1 12.87%,
CHEAEREEER (P<0.0D). M, HERERYERRAERHLESE 1 RGN 4555 24
B R T UKL (P<0.01), T He Sk B By e K SR I S T R U ZE S8 1 TR 52 5
FE T kgl (P<0.05) (F3).

40 ¢ 0 @
O A formula feed —I_ O ALK formula feed I
32+ O UKEEfi frozen fish A 32+ [ WK frozen fish 2 [T]
b b
327 =% 2
il = =2
-9 - F
#£3 16 B £3% 16
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o 0 1 2 3 4 9 0 1 2 3 4
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B 1 BEEEPRIRIKAXTHE (a). B (b)HHRBEBIAT BRI
Fig. 1 The effect of the body weight of female (a)and male (b)crabs reared in the “Crab Palace” system
with formula feed and frozen fish

B AN R N5 - B AL ) 22 57t 42 35 (P<0.05), ANRIR 'S - BRI 41 F) 22 5 2. 3 (P<0.01), T[] different
lowercase letters indicated significant differences (P<0.05) and different uppercase letters indicated extremely

significant differences in formula feed and frozen fish(P<0.01), the same below
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Fig. 2 The effect of the weight growth rate of female (a) and male (b)crabs reared in the “Crab Palace”

system with formula feed and frozen fish
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Fig. 3 The effect of the specific growth rate of female (a) and male (b) crabs reared in the “Crab
Palace” system with formula feed and frozen fish

2.2 L& PRI VK £ BN F AR R B B O B A R IR R B )RS

Hh R B B IR P o T IR R ORI 8 O T & )RR K £ ZE 45 M T T S 3 2
(P>0.05) , {H 2 T AR HoK i w1 FC & faDRkAH, 17 M R 250 A el Rk 28 DU vy 0K
B (P>0.05). MM, HMErpHEGEEEE, HRE SRR KB4 N 4.75%, MEEERLATARLH
N 3.46%, —HEFRE (P<0.05); PHARFEEONE ME BRSOk H B s 3.87%, MEEEUK
HH2.76%, —HEREZE (P<0.05) (K3),

B3 BN FRATRAK R b ERIRIRGA, R 5

Tab.3  The comparison of the hepatosomatic index (HSI), gonadosomatic index (GSI)and condition factor(CF)of E.sinensis ~ reared in the “Crab

Palace” system with formula feed and frozen fish n=12
i+
#ff female 1 male

JiH the sum of female and male

items Eaued  kad  Raned S| e iRA Ik
formula feed  frozen fish  formula feed frozen fish formula feed frozen fish
[/ glom®  CF 53.8749.36"  54.88+7.52*  54.5449.53  53.23£1041° 54.05£9.492 54.15£9.20
R 0% HSI 34610650 475:058  3T:LIR 354£187 3504108 44541000
i %G1 3876163 276£2.11% 2530870 1724043 320£1.5%° 22540781

2.3 EEA RN S 3R AR R B B A B ERA K & B R

H1 T L BRAE RR T /K AL P B IR B BRI R, AP RS BEILA R 3L 17 Ay Bt
MR (R 4). IKEANAZILIR S E (TTAA) . EREIER L& (TFAA) B3 Fm TR SR (P<0.05),
M FIRBAKT, BRINERZAh, AR SRR vk S AL Hn = T A Rk, P A 2L 35

mTH AR (P<0.05); MME. HENMAE, hEBEBAERZR. HEK. H2R. HER. B

M. WaEmR, X6 MARERAMMFAEREZER (P<0.05).
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Tab.4 The composition and content of amino acids in the muscles of E. simemsis reared in the “Crab Palace™ system with formula feed and fozen

fish { wet weight ) {100, n=12)
R+
B female H male
AL he sum of male and female
amino scids Ltari| bt A fristE b gtk Y P fr R U fin

formula feed frozen fish formula feed frazen fish formula feed frozen fsh
A The 3.02:0.08° 3242012 30900312 3.00:0.212 3112022 3.17£0.22%
HE AR Val 3,150,000 3260 047 3260190 3.30+0.38% 3214015 33340.25%
HEAR Ma 09240738 1604068 1454016 1.750.43% 119455 1.7240.28%
M EHM Phe 2.4530.14* 2654008 2734024 2.58£0.200 2.5040.23° 2.62£0,14*

ot ] 2 X 2 12 2RS0T 2.89£0.2 2 .2 29240,
PR L 2562017 29620122 285027 28920260 2704026 292+0.18°
FEEAR Leu 43540.31* 5,000 18 4.9040.56 4862042 46340512 4.9320.30P
EEAR Lys 4410588 53840267 51540660 4.90+0.300 A TRE6E 5_18£0.33%

£

El_j-\kﬁﬁﬁ‘ 20,86 120" 24.18£1.30% 235321294 23561184 223141 244 238741244
R Asp 0020 70° 7.0340.23* 7.240.66" 6.72£0.30% T12062° 6.8850.20°
FHEAE Gilu 1412057 11600 50° 1132118 105620352 10.87£0.97* 11.2820.53
A Gly 4690820 605025 47320058 53820.74 4714063 5.72£0.64%
AR Ala 41220300 4480267 4422055 4432019 4274042 A0, 22
RREAR Tyr 1.980.12* 2 04 10° 2234026 200+0.17* 211023 2000, 13%

L i 2 . 1A% 2 2 2 .3 2. 2 26240,
KM EHA rh 2.4530.14% 2 654008 2734024 2 58+0.20° 2,504 23 2 6240.14%
E‘}-Er'w‘tm 30.6543.15% 338553 400 I2ETHIIRA 320643244 31.6743.26 33,0243 36"
AR MR Cys-s 01920122 0.260.03 2000112 21008 0.1%40.10° . 23£0.06*
SN His 1302000 1.260.07 1005 1400132 1l 12* 1.3080,06
AR Ay 57120824 74340474 5 REE0.8T8 6.BRH0, 344 5. 700,76 7152047
AR Ser 2.7420.11* 2 924 .08* 2 8R+032 283+0.15* 2814023 2 REE0.12*
B AR Pro 36810982 2471039 4634055 31320247 4. 10440.85° 2.800.46"
E’fl_lffal 62,682,448 69.75+2 TR BE.5342 5RA 67.5042.554 655812 510 6R.6322.67
TEAAITAA 0.3340.000 0,350,007 0.3d0000P 03 50,000 0.3440.012 03520012

2.4 BL& PIRIIVK B BN R AR BB B LA A I IR AL R K & B A i

MR A8 2 B L DAY r A 19 i R (3R 5, L v 2 281 [0 JUL PR I 7 1R (Y SFAD
BAMIAIENTR (XMUFA) FIZAMANENRR (YPUFA) B&EBTREZER (P>0.05),
0 i FE AN UL AN IR 7 R (S HUFAD Al DHA+EPA & 8 & it & 1A R 2H 5 3 v T 0K £ 4. (P<0.05)
MEATGWTERE , 7E R AEAEIER (CMUFA) HEAEMER (Cl6:1) FIHER (C18:1n-9)
TRANZEREE (P<0.05); EZAMMEFIENKR (X PUFA) H ARA Al DHA S5 & =
Az 552 (P<0.05).
3 9ig
3.1 BC & TR AIVK A VR AR SR BB A K MR RE I R

Tkl 7R FR 52 S8 TR ORI e & IR B BRI, TP ot S A IR B AR AR,
B (1) A K ANV IS AT 7T R, B A TR R K f 45 M) AR 9% 25 8 FBW. WGR AT SGR.
MI TG 5 3 520, T H M A PR AR 0 i AR R I RS R R 2 v TR A, RIS IR
MR SR S8 B IR A A5 T e ) T 28 L DO A0 Rt 5 TR B RS PR AR T B, 31X 5 A% T T
LR rh AR B I . DRSS UAYE = R T (Portunus trituberculatus) (AfF 7845 R — 3k, X
RERBL A TR AN T BG4 RmA D BERME TR, 1T T T R R R G B RO g
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Tab.5  The composition and content of {3ty acids m the muscles of E sinemsis reared in the  “Crab Palace™ system with formmla feed and frozen

F5 DA A 0 o S e o O LN P MR MR EL R S S LRI

fish (total fatry acid)

(%, m=12)

WO A A AR AT B E w1,
AL 4 b K 0 2H X v AR B AT A S A BRI

g

B female B male Bt
Tty scids the sum of female and male
i i rEfrtae fi rfrtaE it Mt iy

farmubs fised frocen fish formula feed froeen fish farmula fised frozen fish
Cla 1122001 1. 1B+ 25 1. 124007 1.29+0.16% 1. 120,05 124019
C15:40 05240001 051001 5340012 045002 3310017 LR e
Cla:a 18404027 17 6040, 548 17.0240.38% 1E.Dax0.41* 17.7500. 85 17.830.507
C17:10 5320017 0.52+0.01* 05240012 052002 05300017 D52H0.01*
ClE:0 40007 40110300 3654100 398 19 IRTH0 25 402
FS5FA 25 D635 240946 047 23 114583 24,6246 19 24070008 24 2octf 120
Cl6:1 2 00, T2 3. 2240400 R g 14827 2924008 313520348
ClE:1n-% 37.63H064% A 2622 632 403240 98 S0ETEDLI 189741 654 40.56c1.91*
C20:1 1.95%0.17 205014 22440210 20D 05 200 23 20
CZ:n9 L Ai.06" 0474003 DA THLOG" 0.4240001* 0432007 Aa20.03*
FMUFA A2 BREDT U8 460019214 45.96119.25% 46.81£19.49° 411861 M6 30119.34%
C18:2n-64 LAY 15.6440.19* 1694081 17244 520 165940512 16,440,949 1677063
C18:3n-3LMA) 2RSHH 2P 297HL14* 3254007 29040, 14 3054027 2og4l 1P
Cl83n-6 OL5T20004" 0.6 14003 0.5THLOZ 0574012 0574003 592008
C20:5n-6 (LR L] O.8THLIP S0 O3 O_B5HO5> D8+ 05 LETHDDE
cxx3 53003 0.4 16° 43007 043005 48007 D0 112
C20:4n-6f ARA) 3234008 2 21095 2 24450 1920407 2. Tl 6P 20THLET
C2r4 1. 182059 1.0340.43" 1044024 0914018 1.11+0.41% 4 TH0E0
C20:5n-3 EPA) uaSHOE 04340148 43007 043005 544013 A3
23:5n-3 OLSE0.0 1 04716 ikl Db 0432005 032007 D450 107
C22:60-3 DHA) 53540064 3.35£1.57 3. 754083 2.9240L68" 45521097 EREEIN L
FPUFA 321244 50P 205944 K4 30.91+4.74F IR 5144 50¢ 3.5244.TP 29.2344. 792
FHUFA 12501 B34 BB 13% 93041 258 TBU0 95¢ 10.901_54* B 38t 03*
Fo-3rUFA 0434224 TX24].57= TROE1.TE 6681 437 E.oht] 9 BEE] 50
Fo-6UFA 2042£7.122 20637 89 2100£E 032 19.9347. 764 20.71£7.5™ 2030+ 7 820
n-3in-6 46002 0.35x0.01* D3RO 034001 042002 3420012
DHA+EPA 601 HLASY 3 TR0 98 A 1840 BA* 33540728 5101 207 3 5atl.18*

ULk, BRI Z R T 2 B R 52
AT RACT LA AHEAARRT B, TN R & = T 2 ANB,  HS A Bt 3
IR B K g 22 S 819200 AT 9 R B
B (44 S5 5 (BW). WGR Hl SGR 3 KA AT ZE 5t o TR SRR SR Z6 4 T rh AR 2 8 1
sl RMERY], hiesEE BW 25:18 FrH#Y, 1 WGR M SGR M %&eTHE, X5
ARSCHEFELE R 5 AW IR PIHERE
m T AR, XAREM TP AR B AE A ) 2~3 TS, HE RS B2, %

RAFERKPBIE FRA A,

IR
, Al PLiE—

T8 AR B

PC 5 AR A DK AR MRS E | rh FE GRS B AN [R] it 5E

3 M SE SR UK AL AR R R BW VR AR e 2
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P Beh R B BRI IROT R E . REYIBUTIRIA R, P A G 8 5 i v - $5 & IR 107 5 5
FIUK R IGINfA BT & . % T-MERR, U S 2 XSS /G IO R WGR Y Kfpeth, X34
H T HEBE S 7O AR TE AT 5%, UK B v 1 e B R e S THE R IR R S Ak, Iz
%2 5EIEME 5—6 A, KiRFRE, BRGRZEAKR, MR 7RI A RKEE, X5 NI
WA RAR— 8 MI, HEEE WGR MR HHAC & T RHA R TOK e i 25 5, X AT RE H T A4
WA LTI, G TR SN E R, R TR AT E R R, BRI 1 R
FEE 4 PO 52 5 LA DR RIDK fh A5 RO B 38 1) 22 Pl . SGR & i & 1RDREH 2247 T ok
H, HEF 1 RBGRERTE, WAl TE AR L RE H A B BUR R4 T th R 4%
BRI SGR. ANSZIG B 2 A b5 M) v AR B TR AN [ it 72 30 R Sl A 4 W S f 22
S, IR R AR R R IR T U R AN TR B A A B .
3.2 BC A PRI VK B SR R AR SR B B A s B 2 1 Bk B O i

A BRI 58 A2 R 7 SR B ) EH A A v P B RAOR R I B B AR, R ROR B R BB B
FS B (1 it AN e L T 3 R oK, T HLE RS T e ERE FRANE, T R i 5 P 4
AT e S ) A T AR S A R R T G P R A R ) A D ek R A ) I
(25261, FHOCHFFE R I, VKEANEA mE A E TR s, 1m0 HE A —E /MR
PO, DRk Hh AR R T T K 1 2520 4 5 1 U A RN R R R v TR M B U DA
AR A TS 2 BT AU U AR R, TEZFRTE 5 1F T A PRl MR e 28 2% 8 HST
6] GSI ¥ AL 2207 T- UK i, HR LA ke FIOK 4 IR0 Fh AR 45 2 CF. HSI Al GSI G & 5%
Wi o B AR AF RN AR SR B IR (I SR W, RIS, AR RS B AR R T E K
B, AT DMRIENUARE RV R IEE AR, AT SRS E SRR, XA R AL S 1
BRI 2 A 4R AR F00 BB R IR AR AR B 1R
3.3 BL & TR IVK SR AR SR L A B R IR I R

H AR B (1B TR AN E AT R M A 32 IR T L T B PR TR O A R, T
LR 32 B 5 B S R R A IR DT R 1) 5 B O, T s ) G IR R, 77 e 42 1) U et 56
RORB DU SR TR R, TR I R B TAE K P S A N TE AL, e A A M R IR
s e &AM, G EE SRR E B RANETEY BB EIERA AR EE S hE
MAFIE AR AR, IKEAEEmIEARSE, HRA—EMsMNEHE B 1 h
HELR I o UK 0 B 1 0T SRR (1R FH 22 5 IR, A3 AT RT R AT ST UK 2 rh AR ol A
WA S BRI (YTEAA). B EREER (SFAA). AR A E (YTAA) PR
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K2 BB T o  Y R vK LA 0 & TR 2L 0 32 B2 S IR o ) LS5 B30 K 77 Bh AT e
WEIRM Bk, KSR R, X SRR AL R B el G ok
WRREGEEE, (R 7ok Hrh o2 R Kt Re . A8 REEBIFH T TS Eok Tk}
TN A BB FLANIEXTER (Litopenaeus vannamei) ZE-K IS0, & IR A KT
R, RO AN E (R I SE N, X 5 A 7T K 2H b A R R R UL A R
RRENTEGERE 3, XAl R R A Wk A £ =R & & vl e m TUK .
3.4 FCEEDRHRIK £ VRN o He SR B R AL DA i T PR ) RV

BESRHL AR 07 FR2E 2 B S PR IR TR 25 & BT BB AAR DGRBS 0L A T S5 BT AL
BURPEAR B SR I, O TR AN 2% % o 4 0 2 8 JEF FER AN PR s i 0, T X UL
IR T ER S /b, 31X 5 AT 90 BE A PR R OK 8 SR BRI IR (XSFAD. BN
FEWR (YMUFA). S Z AMARHER (YPUFA) UG @ EAMAIRNIR (SHUFA)
REZRIT B XA RE H T ARG R IR R D7 R R AR, UL R
M AR A2 2 PY . Kimata £8P F0 A UG M (Cl6:1) & &5 R A A7 7E A B mi
TEAHSRAE, A R 2 Bl s LA ot B BT, A T R W oK L A AR A R (Cl6:1)
MR (C18:1n-9) FEEEE S TR &K, X0k aAHHF:E RN, (2T W
FIRRITRR AR B e A, Bl bkl IR AIE ARA (C20:4n-6) M1 DHA (C22:6n-3) P
JemimR & & LR UK, X0 RER A& el B SN s ie 77, )T 1 6 F g i
LI T EST A

B, TR N, PRGBSI G AR AT UK R R N R e A K e, (R
K B EE AR A B R RA R, RSB B UL ) E IR i AR DK 1 T
FCA R, (H o HZRIHFARIBAE. 256 LRI AR K AR 2 Fi7l, Bld
TR IS h Aok B B8 P R e A 4 BRI AR %5
SEHR: B

JESCTPEAE ORP2Es HERRD) 2% BRI []: 2020-09-16 17:18:47

(ki
ARAEKREEHRESE B ARX LR a %K. AL
SERRNFMN

T TR KRS R B 7 R WIS R
R AR MR SRR T e A I A M BOR B R S0 == AR AR S s Wb 2 e i R B K AR
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VTR KA S S AR E 5 5 e =
W OE. USAEKRERETR Bi(AFB) (0. 10, 100. 1000 pg/kg FEN I 4 Rkl i 1 5414 4

N 6.41g40.10g 7L 2 [ (Anguilla marmorata) i 56d, R AFBy X fE B84t A4 KL RE . PraafbiRE
Jiv PR ZAGERE DL S AR LA B 35 A RS . G5 IRR WY, FESRUG I 1 v % SEIG 2H %)) 1 25 R R I
HAT N BRI . 1000 pg/kg TF R HANAAIFFIHER . ZRME ., R, FEf KEMEE R E
FRTXTHRAL, 10pgkg FERAM 100ngke FFRA G RATL R EZER . 10pgkg 5 31 H40 A
B (SOD) ik ALE A (CAT) « Bt Ik 2 ALYl (GSH-Px)  HHIEMEH KRB (GST)
EHEME R (MDA SEEXIRATEE %R . Wk AFB. & &E>100 pg/kg &35 52 L 62 i 4/ 8 E
(8 AL B AL B (SOD) 25 W H KIS S Ak 4 B (GSH-PX) R Ok H K5 R B (GST) i 4 o W BRI 10pg/kg
B R AL TN LB SR R LI B ARk . 1000 pg/kg 5 2% 2H )y o 1 JFF J 4 i 2 B0+ 572 5 1) 2596
o BEETRE AFBL/KF I THE, gl JEEALA H AFBL AR R B4R THE . 1000pg/kg 5 3 4H 4 i
JEFTILA  AFB AR 2B il 17.75 #11 5.98ug/kg, 15T FDA £ 2 B E e (5 pgkg) o Hitkml
W, FEEH AFB1<10 pg/kg % 1821 4)) 2 AH X 22 A L
R PEEER By fEBA) 1 K T, RS,
Effects of dietary aflatoxin B on growth, antioxidant capacity and tissue accumulation of juvenile
marbled eel(Anguilla marmorata)
HUANG Ying HAN Jin-Gao ZHU Xiao-Ming ZHAOYi-Xin WANG Shou-Kun HU Zhi-Hao CHEN Xin-
Hua
Key Laboratory of Marine Biotechnology of Fujian Province, Institute of Oceanology, Fujian Agriculture
and Forestry University China College of Animal Science, Fujian Agriculture and Forestry
University State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences
Abstract: A 56-day feeding trial was conducted to evaluate the effects of dietary aflatoxin B; (AFB;) on growth
performance, antioxidant capacity, histological changes and accumulation in juvenile marbled eel (Anguilla
marmorata). Triplicate groups of marbled eel (6.41 g+0.10 g) were fed with four diets containing 0, 10, 100 and
1000 pg/kg AFB;. No unusual behavior or external changes were observed in fish fed diets containing AFB;.
Significant lower survival rate, final body weight (FBW), feeding rate (FR), specific growth rate (SGR) and feed
efficiency (FE) were observed in fish fed with 1000 pg/kg AFB;, while no significant differences were found
among other groups. There were no significant differences in activities of superoxide dismutase (SOD), catalase

(CAT), glutathione peroxidase (GSH-Px), glutathione S-transferase (GST), and malondialdehyde (MDA) in liver
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between the control and 10 pg/kg AFB; diet group. AFB; above 100 pg/kg significantly impact activities of SOD,
GSH-Px and GST in liver. No significant histological lesions in liver were identified under the microscope
between the control and 10 pg/kg AFB; diet group. Severe vacuolar degeneration of hepatocytes was found when
fish fed with diet containing 1000 pg/kg AFBi AFB; accumulation in fish liver and muscle significantly
increased with increased dietary AFB, levels, which was 17.75 and 5.98pg/kg in fish fed with 1000 pg/kg
AFB; (above the safety limitation of 5 pug/kg as proposed by FDA). It could be confirmed that 10 pg/kg AFB; was
the safe level in juvenile marbled eel diet.

Keyword: Aflatoxin Bi; Juvenile marbled eel; Growth; Liver; Accumulation;

7 [t 55 5 K (Aflatoxins, AFT)¥5 48 — AN AERPE R i) 8, 75 Ay BT Ay Hi X S 9 7™ 5
I e Hb [X 7K P S R0 5 B A BREPZE 1 80% A2 A, FEmiR. miBMRS T, Tk
JRBHAEA . Bk SO SOl I SRR SR AE SR, s RHE I TAE e A,
WHAR Y B G WA E, Ht—2 74 AFT 15442, Chen M1 Rawlings B! i1 #x 334 AN
() e i AR BB 96. 1% R & AFT. T [E 3R 25010 o [ %44 R/ 321 4 falkL Al
JERMEE S EAT TAEI, P AFB) K H RN 67.3%; HAokld AFB, & H R 51k 84.2%,
FHYERE S AFB) ~PIME K s =B 5 BN 14.3 pg/kg A1 43.2 pg/kg.

AFT & 15 (Aspergillus flavus) F175 4= #l 5 (Aspergillus parasiticus) ™ A ) DL Z &k
WA 3 N EEAR S M IR AR =4 Pl FERIRS AR S BL AFBy o WL
AFB: W NI, AN AFB-8,9- AL YI(AFBO), AFBO VUL 4 & T DNA,
RNA MEAR, TERMEY), FEUF4M 0 U IEAZE, SIS0 R0, s e
N ST E AR AT AR AE(INY5072-2002), FeEH ¥ FHEC & 1Ak AFB) % 2 IR EARE 10
ng/kets HETHIWFF R, AFB =5 &KAENMIT N EKELE, il et
45 . ALV AR B10ILIZI] ¥ (Ctenopharyngodon idellus) 2 AR AR E . & R AR 2B K
I HAR AFB KT A R 1%, JUA i RGNS N R 2H 2R 450435 52 31 15 25 f2 i
(141, AFB; £ #Iiil| T £ (Oncorhynchus mykiss) %1% BR & 1 A1 A Bl DA K G 28 40 o 3 i 151, 5
Gb, BV AFB1JG, BT AFB) s BRI rE, 1RUY: B ImEmil, JEEANTER RS, 1
ERANHLA PR, 5 F 40 (Carassius auratus gibelio)ft & 1000 pg AFBi/kg ik} 84d &
JHBEAEFILAL AFB, A 2R 2 70 liA 11.8 ng/kg A1 2.35 pg/kgt'®l. # i il #1 (Cyprinus carpio var)
& 50 ug AFBi/kg Tkl 60d J5 TR AFB & &8 2. 71pg/ke!' . T AFT A #da e 1k,
FEIRBERL 268°C AN A R/ fRD), S AR — DL 250k, [RItk, AFT mlggidEd
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BTN N 2 i EE .

PSR (Anguilla marmorata))” V2 3 Af AE R AL KA, 2 20 AT s | F1) 5 G
dn AR T8 R A B R SR R BRI B R, HAEAKEIAEMECR, AR HIT
JRATFEUO, HASE A, 5 5 { JE 7 L (1) B ) o A DR TR & T R 200, SR I A SR B A £
PR H K, BN K, AR R I RE SRR ), — SRR AR T ok
A BEXT B TR T i R T BRI R, 124 ik, B OG AFBy KA Eh N B
AR AN E R, AR AR AFB ) B BBURR L 22 ) R S8120 DU BRI 58 R IR A I
LK PE KT BRI 52 AFB, 12222324250 ASRu DAL 2 AFB: TRHE 7 2K, T F 1E 8 b
g A ESETLE, BEM KR AFB MIEigimah A K. i, hralbae
HAUETTIHI N, LU AFByENLAH R RAGBL, BETT Al AFB) ¥5 Geoxt 16 68 i g e 7
FELIE PRI E B o
1 MR 5T
1.1 RERG

AREISTERIR K IR R G EAT, SEI0 RS 12 MR pp MRFREIRAR, B4
A ) JE THT FLA% 2 80 em, Al 5104 70 em, SEG /KRR 180 L/GL o BEAL A 7K AL B 2 0.5L/min .
BRI 2 POARFIKIR . & 2 BN KB AR S = LR, KRS E 4R
£ 24~28°C. 1HFR 7K NS 7870 B S HRAK LR IE KRR A& 8K T 5 mg/L, AT
4 0.2~0.4 mg/L. SZI6 MR /KA pH A 6.8~7.0, J&HEE HAN 121:12D(6:30 % 18:30).

1.2 KB PR R SEh i
R 1 ZREMEPBIKERLZRS (% TR

Tab. 1 Proximate analyses of the basal diet (% in dry matter)

TAEHME % 153 Chemical composition 15 & Content (%)

FE&EF Crude protein 47.0
FHLAER Crude lipid 7.5
7K43 Moisture 4.7
K4y Ash 15.4

SEIG 3% F )RR N R 5 A &) AR P2 4D 8 E A ikl . S8 SRR AR ) IRk 22 Bl 4y
Wk 1 . SEIRIERIFRIAN N AFB) FCH A F) 3 2 (0 104 100+ 1000 pg/kg) i 4 F
SEIGERE, I I B S VA (ELISA) AR AR AFBy & &40 3o 1.3 11.64 103.5 F1 989.5
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ng/kg kL, AFBIKIE TS OF 96T AFB) TE/K =20 M e dja 22425330 il 2%
RIS RN, 1 AFBI(WH 2 E Sigma 2w TN, DARCHI By 500ug/mL
RIRER . AR5 4 R B T S A B B B R S rh, el 5 A AN RIVR BE AFB, R K 2 4%
3% N &N 2 S A se g Rk R S35, A T-20°CUKAR «
1.3 LR f H5ERER

S O AE B RRAT 68, SR TR AR M T S 22 68Y7), WG HAEE NIRE R G T IR
218, RGNS RS YNTE | G IR B N S I SRR o SIS UA AR S
Itk 24h, SRIGIEBANRICI, 5 VB B BN — B AL S R 2 1 240 FE(F
RE N 6.41 g), BEHLBN 12 ASLBe sl FiX 12 ANELFENLS ik 4 Neiedl, &F4H 3 A
AT, ARG 20 B, HEATONIA S6d MIFRFESLER . B IR AN S8 R B H 1 GRS 38 7: 00
516: 300 A TR — & Ll Kt AE B ADIR T RL,  $evml & g AR E I 3% ~ 5% , &R
R SEAELA LR B . B | NS HIBGRIE, BT ERE ., RS R, SR
YU 24h JE AR E AT C ARG 2 R
1.4 SEREURE

TESEIG 45 RIS, RFEIREALE 15 B MS-222 JREE, R 5 LI 3 FE7E vk b
HFFBE, J5IONVRAEE h R 2R, TR 8% 21-80°CUKAE IR 47, FVETALBE RN -
SyAMBEALEL 3 R FFEAT A, EURF A A R R 52 J5 SR A HE ek EAT 00 filfE .
TR BT FEIEA VR T4 05 T FFIE R AFB & & 007, B0 12 B A7k BAgs, I
AT AR T, HTIE VLA T AFB) &&=
1.5 FeakHId 2

AR S0 FER A L o A TR R AR 1 R R K 2 1) R 5 2 RCR[26] 1 T VR IEA T
TR RAE 105°C N HET 2EE, @ R E RN . A RbE A 2 LG E A
(Kjeltec8400, FOSS) Ml 7€ o TalEFRH G 7 7 & A8 FH 2= IR $2 4% (ST243, FOSS)HEAT Ml & « TRlkHF
A TE SRR 550°C AR 3h,  LAZK EEVEIN E 2K 53 o
SR FH B R A ) R T P ) 0 U e A ) B AL (SOD) « 28 B H ik i 484k
YIlE(GSH-Px). 1 E ARG CAT)ENE. BMHIK S HBEH(GST)iE LM B (MDA) &
. AARFIERIULA AFB A4 28R A ELISA VAU AT I i G £ 0w 1 A B R B AR
PIAT])o
1.6 BIgkta
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FIHCL T AR HAEER . %, FRRCR R e A K%,
TEH R (SR) (%)=100 x |4 B HU/W) 16 R E0D
A (FR) (%BW/d) =100xI/[(Wi+W2)/2]/t

TARLCR (FE) (%)=100x(W2—W1)/1

F5 72 A K (SGR) (%/d)=100x(LnW>—LnW)/t

Hoeb, Wi N TIPSR E (), W ATPHLREE(D, t NEBRE), T NEEE
(g)o SLIGHHE(EH SPSS Statistics 17.0 HEATGE T 04T, SLIRLERE — 0 201 (One-way
ANOVA) J&, H Duncan’s #4172 HEELEL, 2 P<0.05 1, NEFRZE.

2 &R

2.1 Ak AFB: KX S8 40 £ 77 v R AR K R RS

TEREA SIS F o, % S IR A TR BRI 4 f 3 AR R B AT N e MR 4k . sk 2 B
Ry, 10 pg/kg 5 100 pg/kg B 3 A ARBRAT4)) A 1) 24K A E(FBM). /715 % (SR) TR EZE(FR).
R KR (SGR) AR (FE) 38 5 0 RE2H TG 8. 35 14 22 :(P>0.05) . 1000 pg/kg #2411

FBW. SR. FR. SGR #l FE ¥J & Z % T Xf I8 41(P<0.05).

R 2 TR AFBUK P EAB AN EVIIEAE (IBW), ZKEE (FBW). iR (SR). HAE
(FR). F@AEKE (SGR) MARRE (FE) WM CPHYMEHRER)
Tab. 2 Effects of dietary AFB; on initial body weight (IBW), final body weight (FBW), survival (SR),
feeding rate (FR), specific growth rate (SGR), feed efficiency (FE) of juvenile marbled eel (mean + S.E) *

AFB; ¥l & Supplemented AFB, 0

(ng/kg diet)

WIE A E IBW(g)
ZARARE FBW (g)
A% SR (%)
B FR (%BW/d)
FEE 4K SGR (%/d)

TR FE (%)

10 100 1000

6.43+0.06 6.39+0.08 6.42+0.10 6.40+0.05
11.5£0.2°  11.8+0.4* 10.7+0.4* 8.0+0.5°

93.3+4.4*  91.7+3.3® 90.0£2.9® 80.0+2.9°
1.54+0.01* 1.59+0.04* 1.40+0.00* 0.75+0.15°
1.04£0.03* 1.09+0.06* 0.91£0.10* 0.38+0.12"

65.7£1.8  66.4+1.7°  63.246.5® 48.8+6.4°

VR RPNV IS S REAN A R S A 2 1A 2 7 B3 (P<0.05)Note: * Different superscript letters

within each column represent significant differences (P < 0.05)

2.2 Rl AFB, K- PXT LB 4h A HrE AL TR A IR
wnFk 3 o, 10 pg/kg 73 2= A AE A2 ) o AT A S A B AL S (SOD). i E AL &
(CAD) B H IS E ALY (GSH-Px) - FFE A BE H BRFE F2 l5 (GST) v M AN — % (MDA)



& 50t IR AT 3B M 25 R (P>0.05) . 100 pg/kg B 2 4 AE B8 64 £ AT IR £ SOD . GSH-Px.
GST % 134 B E K T X IR ZH.(P<0.05), CAT 351 F1 MDA 7 &35 5 Xt JE 41 6 5 35 22 57:(P>0.05) -
XA, 1000 pg/kg B R A B AT L L) ¥ SOD. CAT. GSH-Px. GST i PE¥) &
FEIEK(P<0.05), MDA & 3% T+ 5 (P<0.05).

R 3 TR AFB, K EEBEAh # AR E B LS (SOD). BEMER (CAT). AEHkiEE
WYIBE (GSH-Px). FFIEBEHIKZEE (GST) HHAR B (MDA) SEKMN CPEE
R
Tab. 3 Effects of dietary AFB; on liver activities of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GSH-Px), glutathione S-transferase (GST), and malondialdehyde (MDA) of
juvenile marbled eel (mean = S.E)*

AFB, #s & Supplemented AFB; (ng/kg diet) 0 10 100 1000

SOD (U/mg prot) 281.0+7.3%  295.9+5.9%  256.9+5.8° 245.0+1.7°
CAT (U/mg prot) 123.5+12.2% 119.6£10.5® 118.8+9.3% 89.3+4.1°

GSH-Px (U/mg prot) 372.7£15.6* 389.5+13.6* 283.7+7.3% 262.1x14.9°
GST (U/mg prot) 255.0£10.2* 256.0+12.8* 206.1£6.2° 175.6x17.9°
MDA (nmol /mg prot) 3.55+0.12%  3.79+0.08%®  3.69+0.25%® 4.32+0.24°

T *[F BB JE T 2SRRI B ROR S 2 A 22 R W3 (P<0.05)Note: * Different superscript letters
within each column represent significant differences (P < 0.05)
2.3 FRL R AFB1 7K FE A8 %) FE 4 S 22 R R

IR SN gl R 1 s, O BRZH AR 68 R 4t () A0 B HE 21 48 5%, 4 SRR i
Wi, R, BIEEONFEE . 10 ng/kg 55 708 6 40 4 1 T 401 S 00 H 1R A9 2] 7
A, SXEAFFIEA R KN IR HJF2007 RIS T B 7200 . 100pg/kg 7 3R AHAE IR
LRI 70 B AR AR AN RN, 2 0 2 Th) SRR AN T, 870 X B 1 2594k . 1000pg/kg 7
B A A B 43 40 1K) P U DU 5% 280 65 7 B ) B ARAK, AN I PR AT 2K, 4 B A 4 i
R, MR 28, AR B 2, A0 240 — ).

1 fEk o AFB, Xf £S04 AT REAL ST (M (H&E, FRR S0 pm) ‘3’1 AR
B4R Y 2 A

Fig. | Liver of juvenile marbled cel fed with diets containing AFB; ( H&E, Bar = 50 pm L\mw

indicated vacuolar degeneration of hepatocytes



2.4 TEL AFB: 7K X FES8 4 2 FT IE AL B9 AFB: AR R KT BIR M
BEE TR AFBy KPR, fEEE a4 AT AL T AFB & B R E TR

(P<0.05), & 4HIEIAFAE 3% 2 7(P<0.05) .

& 4 TR AFB KX R84 A AL AFB R R (pg/kg BE)IRM CEYERHER)*
Tab. 4 Effects of dietary AFB; on AFB; accumulation (ng/kg wet weight) in liver and muscle of juvenile
marbled eel (mean + S.E) *

AFB, 3 liE Supplemented AFB;
(ng/kg diet)
JHE AFB, R 2 &

AFB accumulation in hepatopancreas

WA AFB, R & &

AFB| accumulation in muscle

10 100 1000
0.25+0.07* 3.21+0.56° 9.21+0.58¢ 17.75+1.48¢

0.13+0.07* 1.20+0.16° 3.49+0.27° 5.98+0.18¢

VE: >R F0 B 5 T S RN R B R R % 2 (0] 22 B3 (P<0.05)Note: * Different superscript letters
within each column represent significant differences (P < 0.05)
3 ik
3.1 Rl AFBy ZK-F-XF P 884 &) 2 K A7 5 A AR K KRS R

AFB\ & 2B K AESINAT AT, RN, BN RE RS, SRR
R, MRS AFB: (AR 5] 4R A (Rhamdia quelen) i 2 i 2, Fob AH ol B B 1 48 1k, it
S P 35 LRI H2 477, 3K 6 T R S B AT R A R 40 SR R 270, Y HRR F AFB,
KA T 59 pg/kg b, R HIARARR . RBEBRE. BT REEIRM, £
Aseib b, AR FEWE AFB) AR IE S8 R LI B AT N R AR AL, BB
% |1 (Oreochromis niloticus)#% & 10 mg/kg AFB; HILARE 8 J& &, % HAE T- R T &5 3 s mi 241,
R RN 250 50 100, 500 A1 1000 pg/kg AFB;, A 4 X JL 44 35 X dF
(Litopenaeus vannamei) 1477 26 1 A 570 THI S0, (FL: Y 25 5 M 336 2 SRRy 8 A K R 130, L g
% 4E 1 (Oreochromis niloticus ¢ x O. aureus &) R FNTEARLF AFB, IR A7 TEF RN,
B RBE AFB KRBT m i A, JE 2 D HE AR 2 mg/kg AFB, ZORARTE ., 14 53 A
T Rl Ak 2R 4 ) b 6 R 4L R AR 19.85% « 24.18% Al 34.21% 1281, {H BE £ X JE il
(Ictalurus punctutus)BE N AFT12 J&, X HBEE . A KRR 8 T B35 5 m 20, G SLAf 57
SRR, RN AFB) IS 32 HEAAAERCR I ZE ), ML A4 IR B 2 X AFB, S BUs 1)
a2y~ gEakspigh, 244kt AFB1<100 pg/kg I TEBB ANt (1) 28 RAKE . 1735
ROPE R R B A KRR R 3 5 6 A T 3 M2 S (H 2 AFB, & 1000 pg/kg B,


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

PAEARFRI R FACT X IR . AFB: X A=K 10 47 T 52 00 7] RE 2 bR T /752 (1 AFB, I L A&
THAHLRESZ I, THACBEIEVE NI, XPRESE R NG 10745 8 IR BT R W SRR F 8 BEAIS, s 17
FURBIAEK R BB,
3.2 Tkl AFB. KX E B4 bt E AL RE ST R

AR NIRRT R E H— RIVPUEACERI R, RS I 1 S RE — 8
FEFE b S bl 1 A= P (A BRI o JHEIE Hh (0 B0 80P 2 e R e A ) B Al i S84 S
FOCH I E ARG SR R, HrE L rB BR b A B RS SE(ROS)P. AFB) £0d
AR PASO VEIL AL L) AFBO HA SR, SN 74 KR B iR ROS, i
M B HEHERRE I, HURRIPUEIRE /) ROR K, ROS 38 R RB R 41 i b () AN
MAsWimg, H ol KIgFREE LR R, 724 MDA, $3E . B3t LR F R4 1 %M. MDA
B AMAT DA B H A s s P R S S Ak B AR B, T L D2 s T EH AL A 240 B 52 459 1
FRPELY, AFB, ALy 5L S A N A5 5 8 B 1 PR 1T 25 1 keapla, TR F Nrf2, M
IM4#) SOD. CAT. GSH-Px. GST &850 B ) 5L R R A MIEgE JU4. AFB) 2 BEAK T
Z AR N GSH. SOD. GSH-Px Hl CAT [Fif 8, 1AM AFB) [ 1ak} i B inr £ 1f 75
MIJFE SOD. CAT M1 GSH-Px &1 EEFEK, MDA & EZTH&EPl. GST 1E AFB: )
A A R B AR H B E ], A4k AFBO 5 GSH JLHE4: ok b &4, 1 AFB,
FHAREYAS AR RSN, 22 AFB G R FEER . LRI 5 me/kg AFB) /5,
JHIE GST Witk 32 2 2550 malY, FEARSEIr, JEEgEf4) i 1000 pg/keg AFB: &, JHI
SOD. CAT. GSH-Px. GST iEPEIJRE L, MDA &8 EET 5, KW AFB) 7235200
TE a4t HTA A RE 7. 1245 RS ERIRGEARLL, AFB, @i BISSHLAR BT AL RE
AT (RSB0 RE TS5, AT Bae 1K H X 4 S 4 T P R A 12k
3.3 B AFB1 ZK-EXTFESR 6 41 £ 1 AE AL R 25

AFB) [ EEREE B2 L, S5l Diae R AL, RO M, R4
2, AT, SOEAIMIE 2P 15 mg/kg [ AFB) FRIMR FLANEXTET 12d 2 38U
JB R AR, LB R SRR R A S B VA AR I 2, A4, 4
fift, AUMIIRTE; FEREHS Y XA, RS B EEMTER, SEAPA0 M 4R 50l kB, e B
BN 2.5 mg/kg AFB: 84d J& T ENR A BRIEIATE, A% 4i; IR H BB RUBIRSE, It
I, Feifn, #REgHIRIER, K6 E AR ##(Colossoma macropomum)#E A 1000 ug AFB/kg ]
BG4I 2. IRBE, U407, LGNS R8N & 38.1 ug/ kg F1 54.9 ug/ kg AFB
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Pkl s56d 5, HAFECEH AT Ak AFB KB 107.6 pg/ kg B, IR R iR
FH 300 . 110 2 448 A AN R U R0 5 IR 54 » A A7 AR R 23 TA A i /D U130 5 B g 9 45 SR A T
F B H L & 500 ug AFBi/kg K} 56d J5 A I B S (0 20 2457 AR 1) FE AR S
TR AFB1 &8N 100 pg/kg 2> 51 EEAE 68 654/t 40 0 55 FRAS TS i A /N8 20 AR B 25 Ak . Bl
% AFBIREMITEE, FEATARGE AR, M E e tE. R REY, AFB,
S PR ZH R B AR 1 5 B 3 170 & DU ROSZ RS I A ok
3.4 BKL AFB. 7K XF FE A8 4 5 A AR ALY AFB, 2R 2 7K F I

AFB HENSIWIR A, 380 S LR AFBO, B it e A AR B4R
HZUh, FDA FE & AFBI %A REN 5 pgkg P JBF FAEmEEA 2000 pg/kg
AFB &, 4fafafk AFB, 1 253 21.18 pg/kg 81, {AME I 8 1 55 ug AFB1/kg Tkl 30d
J&, EIEE AFB B R &N 5.52 ng/kglle K EREEEEA 1000 ug AFBi/kg 4k} 39d J=,
LAY AFB1 5 &N 3.28 pg/kg BT 2t (Acipenser ruthenus @ xA. baerii &)/FFIEATALIA )
AFB, #E YR TR AFB) /KB THE g N, H 2 2P AH o), s £ 10,20, 100
1000 pg/kg AFB184d J5, HLAHREARKIH AFB, {AETME 5000 pg/kg AFB; (1) 5 ]
PRI 1.21 pg/kg AFBI B2, FUMIEXTHRFEA 04 25+ 50, 100+ 1000 pg/kg AFB; 56d,
VA I AR I AFB) B BRI, fEACSEIG o, TE 686 4) o IE AL AFB, F3R BE & 1R)R}
AFB KPR I &34 0, [Fl— AFBy KFR, HFlEH AFB, A B2 m TR 4
Tkl AFB1 & 100 pg/kg BF, JHAE AFBI #LRE & T FDA B2 EbriE; 2kl
AFB, ik 1000 pg/kg i, febgfiizy AL S AFB) # R BT FDA £ 2% 2R E
brdE. DAERFAREE SR, ANFEUKZ 5T AFB BB a] fefr e K2 0. ak B,
REZHWHPIAH AFB) R R B ZLFIE PG, FHIH RS2 AFB) K& HACEAR S A
it ) B L2100,
4 g

TEhg ) 5k N AFB1 & &9 10 pg/kg BIBEL 56d Jm, HAAER. fE. 2K il
febn. IR ARZ B WS . Tk AFB) & 5>100pg/kg B 215017 {4 68 fifi 4)) 4 1)
PrEaALRE JIAFIEZHZA . 1000 pg/kg B R AACBS 4 @ AL T AFB) #A R EIET
FDA £/ 2B e prife .
SEHR: B
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R BE B 7K S 3ot BE S 4h £ A KM RE K A an RO M

RIEZH 247 FRR BB MR KiE4 R REL iV E
WHEE SCE 2B K= R R A =W R A T FAIF LS F WA AR E R R E
W OB AR B AT TR B 7K P X B2 7 i) (Carassius auratus var. Dongtingking) 4 £ 4= K 14 B K I8

A RIS o KA e AR B 511 240 R EEF M4 a bl 4 4, BA3IANEEL, HAEE 20 &
PAERY . GRS RRFERA . SERPRSEON B R, SOAFMAN S D 1) NRITIR, KO 4 FPEEANSE R
RIGTARL, H Ao AAEAR KN 0. 4% 8% 12% M REG TR REIH 60d. 45 KK 1) 12%ME i
HCPAR AR 3 5 A RFE 1 K FE(SGR) & i T+ 0 A1 4%l /KF41(P<0.05). 2) 12%Ji /i K-
LLAHELIR I & B R T 0 A 4% /K -F-41(P<0.05),12% 8 i /KAWL A K 7 & B R KT 0 IR
JKF-4H(P<0.05) - 3) 0 F1 4% 5 i /K P2 LA & 5 2 3 = T 8% 12% 5 i 7K ~F-4H (P<0.05),0 g i /K40
WIS ERE ST 8%/5IT/KF4(P<0.05). 4) 12%15 7 /K -FZH LA 2 A fig I R (PUFA) & & B &
1T 0 g Wi7K 40 (P<0.05),12%/I5 i 7K -4 LA 1 C18 & 2n6. n-6 PUFA % & & n-6/n-3 PUFA 2% 5
T 0 F1 4%ME N /KF-4H(P<0.05),0 fig i ZK-FAL AL C16 © 0 FEFIAE IR (SFA) & = 3% =i T 8% Al
12% 15 05 7K - 41(P<0.05) . 5) O AR M /KT 2L ML) v {6 75 S R R XU R S IR & B 3 v T LA & 2
(P<0.05). HLTT L, alnE e AR s 7K P (12%) FDis} IR 2 75 il 4 £ B SRAS BT i AR KSR, (R A
BT R
SR I RET; MR IR AR CERE; A

Effects of Dietary Lipid Level on Growth Performance and Flesh Quality of Juvenile Carassius auratus

var. Dongtingking
LEI Yanju YAN Jin TANG Zhongtian ZOU Chaoxia YANG Pinhong ZHANG Yunsheng HUANG
Haihong HUANG Chunhong XIE Zhongguo
Key Laboratory of Zoology in Hunan Higher Education,Collaborative Innovation Center for Efficient
and Health Production of Fisheries in Hunan Province,Hunan University of Arts and Science

Abstract: This experiment was conducted to investigate the effects of dietary lipid level on growth performance
and flesh quality of juvenile Carassius auratus var.Dongtingking.A total of 240 healthy juvenile Carassius auratus
var.Dongtingking with similar body weight were randomly divided into 4 groups with 3 replicates per group and
20 fish per replicate.Four isonitrogenous and unequal lipid experimental diets were formulated using fish
meal,soybean meal,rapeseed meal and cottonseed meal as protein source and rapeseed oil and soybean oil(1:1)
as lipid source,and fish in each groups were fed experimental diets which the lipid levels were 0,4%,8% and

12%,respectively.The experiment lasted for 60 days.The results showed as follows:1) the final body
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weight,weight gain rate and specific growth rate of 12% lipid level group were significantly higher than those of
0 and 4% lipid level groups(P<0.05).2) The muscle crude lipid content of 12% lipid level group was significantly
higher than that of 0 and 4% lipid level groups(P<0.05),while the muscle moisture content of 12% lipid level
group was significantly lower than that of 0 lipid level group(P<0.05).3) The muscle iron content of 0 and 4%
lipid level groups was significantly higher than that of 8% and 12% lipid level groups(P<0.05),and the muscle
magnesium content of 0 lipid level group was significantly higher than that of 8% lipid level group(P<0.05).4)
The muscle monounsaturated fatty acids(PUFA) content of 12% lipid level group was significantly higher than
that of 0 lipid level group(P<0.05),the contents of C18:2 n6 and n-6 PUFA and n-6/n-3 PUFA in muscle of 12%
lipid level group were significantly higher than those of 0 lipid level group(P<0.05),and the contents of C16:0
and saturated fatty acids(SFA) in muscle of 0 lipid level group were significantly higher than those of 8% and
12% lipid level groups(P<0.05).5) The contents of nonessential amino acids and flavor amino acids in muscle of
0 lipid level group were significantly higher than those other groups(P<0.05).In conclusion,the juvenile Carassius
auratus var.Dongtingking fed with high lipid level(12%) diet can get better growth effect,but the flesh quality is
reduced.[Chinese Journal of Animal Nutrition,2020,32(12):5839-5849]

Keyword: Carassius auratus var. Dongtingking; lipid level; growth performance; flesh quality;
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BIGTER L . T SRR RERFR . /DN R B AT e SRS ARt R k), i —
JE B TR RN BEIR — S 855 a N7, fJa i 4 M [F] KT AR A0 1R 5 i is e
=10 1), R 4 HEEAERRRE, S AR RN AR K A8 04 4%,
8%+ 12%. IR RS E FR/K-F WA 1, IR IR TR AL LR 2, 56 R &
FERRAL IR 3.
# 1 R B B TR K P (MR R

Table 1 Composition and nutrient levels of experimental diets (as-fed basis) %

me R #1BE 7K Dielary lipid level /%
Ttems 0 4 8 12
¥} Ingredients

% Fish meal 20.00 20.00 20.00 20.00
FAFKE Rapeseed meal 8.00 8.00 8.00 8.00
S #A Soybean meal 34.00 34.00 34.00 34.00
184748 Cottonseed meal 8.00 8.00 8.00 8.00
INEEX) Wheat flour 12.00 12.00 12.00 12.00
MEBLTFHFE Microcrystalline cellulose 14.36 10.36 6.36 2.36
FAFMAN T Rapeseed oil and soybean oil ( 1:1) 4.00 8.00 12.00
FUR#Y Premix” 1.00 1.00 1.00 1.00
BB S Ca( H,P0,), 2.00 2.00 2.00 2.00
BAEER Antifungal agent 0.03 0.03 0.03 0.03
S Antioxidant agent 0.01 0.01 0.01 0.01
FLRET Choline chloride™ 0.60 0.60 0.60 0.60
&it Total 100.00 100.00 100.00 100.00

E#KF Nutrient levels

ABBERS Crude lipid 2.91 7.02 10.24 12.67
HEBR Crude protein 32.42 32.82 32.74 32.67
RS Ash 10.77 10.05 9.34 8.70

BT 5w VR RS Per kg of permix contained the follow ing:VA 3 000 000 IU,VD3600 000 TU,VE 3 500
mg, VK33 000 mg,VB;1 100 mg,VB:2 000 mg,VBs8 000 mg, VB 12100 mg, iz &% calcium pantothenate 500
mg, MR nicotinic acid6 00 mg, M % folic acid 50 mg, AE#)Z biotin 1.2 mg, 4E4EZ C WERES vitamin C
phosphate 6 000 mg, JJLEE inositol 3 200 mg,Fe (as ferrous sulfate) 5 000 mg,M g (as magnesium sulphate) 4
200 mg,Zn (as zinc sulfate) 2 000 mg,M n (as manganese sulfate) 500 mg,Cu (as copper sulfate) 150 mg,Co (as
cobalt dichloride) 12 mg,Se (as sodium selenite) 3 mg,I (as potassium iodide) 30 mg. 2)EALIETHIIH 5 &

N 50%. Effective content of choline chloride w as 50%.

& 2 SIS ERR ) IE B R R

Table 2 Fatty acids composition of experimental diets %

g {ARBRRAK T Dietary lipid level /%

Ttems 0 4 8 12
C14:0 1.20 0.97 0.63 0.63
C16:1n7 2.42 1.24 0.83 0.86
C16:0 17.90 11.57 10.45 10.43
(18:2n-6 22.35 21.35 29.83 31.89
C18:1n9d 34.87 43.42 43.58 40.56

THRER
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@R 2

me EIRIBIHKE Dielary lipid level/%

Ttems 0 4 8 12

C18:3n3 ND ND 0.47 0.56
C18:0 5.82 4.31 4.79 5.48
C20:4n-6 ND ND ND ND
C20:5n-3 ( EPA) 2.61 1.43 0.81 0.99
C20:1n-1 2.49 2.50 2.52 2.35
C20:0 ND ND 0.50 0.49
(C22:6n-3 ( DHA) 6.34 323 1.72 2.17
C22:1n41 3.21 3.98 3.88 3.58
SFA 25.72 16.86 16.37 17.04
MUFA 42.99 §1.13 50.80 47.35
PUFA 31.30 32.01 32.83 35.61
n-3 PUFA 8.95 4.66 3.00 3.92
n-6 PUFA 28.69 30.58 31.55 34.06
n-6/n3PUFA 3.21 6.57 10.52 9,17

ND: A A H not detected; EPA: .k TL4% 2 eicosapentaenoic acid;DHA: -+ —Hik 7N J& R docose hexaenoic
acid;SFA, HIFIAGITR saturated fatty acids;M UFA: B AN AN AE i R monounsaturated fatty acids;PUFA: 2 A~

A AR TR polyunsaturated fatty acids. 3 7 [] the same as Table 7.
£ 3 AR A FEBRA R

Table 3 Amino acids composition of experimental diets %

Tig PR RN KT Dietary lipid level/%

Ttems 0 4 Q 12
4 R Ser 39.64 39.53 39.64 40.32
BR S Tyr 17.05 17.64 17.42 17.36
HBEES Cys 3.88 4.15 4.58 4.26
FHEER Pro 39.63 37.61 35.77 36.34
RXELEE Asp’ 90.89 90.19 90.73 91.89
BEE Clu’ 2.97 2.98 2.95 2.91
HE8& Gly’ 60.81 60.19 60.07 61.25
AEE Ala” 49.16 48.77 49.01 49.85
(HEER His 60.05 60.47 59.18 59.75
B Arg 29.52 29.52 30.48 30.21
EEEE Met 5.47 6.24 5.46 4.61
FREE Phe 34.87 34.85 34.99 35.70
FERR le 29.07 28.87 28.76 29.69
SE# Leu 45.00 44.72 45.18 45.63
HEER Lys 426.22 427.16 425.89 426.38
F &8 Thr 28.63 28.51 28.73 29.12
SR Val 37.13 38.58 39.07 38.58
MNERER Essential amino acids 606.40 608.94 608.08 610.67
A NEFEESR Hall-essential amino acids 89.57 89.99 89.66 89.96
IEMEFTEFE Nonessential amino acids 304.03 301.07 300.18 304.19
M IkSEE Flavor amino acids 203.83 202.14 202.78 205.90

* XK FL R flavor amino acids. 3 8 [A] the same as Table 8.
1.2 R E T EFAREHE
FH 3056 1) J 75 0k B -390 5 SC PR 22 B T i 7 6 A b, IR EE 2(1.1240.02) g
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WIS IR 7 d J5ULHK 24 h, K@RE HARE IS0 240 BN H 4 4, B4 3 A E
2, BNER 20 B, SAHSEARBEN KN 0. 4% 8% 12%1MRI01A Kl . 75 % N F75H
FLAP AT 60 d M A KRS . FRAE AR T 1P 37K 22~25°C, AR E>5 mg/LpH
N 7.1~7.3. R R M BERENARER 5%, 7 2 WHHTHRIE, BOREE 558
09:00 A1 17:00.
1.3 AR REXE IR R E

BEAKRRSHRE, WEHICRAKRNEE, BEAREE, WMER, FElKE

(specific grow th rate, SGR)RIFAN AR ) A K AERE, THRE A HON:

MEER( %) = 100x( RFKKE-
VIBIRE) /HIRIRE;
SGR( %) = 100x( In &2FRARE-In ¥JIRIKE) /60.

FULPAARE it T TRUAE - 20° C UK ORAT: o FEAS S 77 il B 72 T B p A AL IR 7K 7258 ) o 2
GB5009.3—2010 H 7 VEREAT , FHL AR 5T & & 1 E Z 1 GB 5009.5—2010 H (17773617,
FLIE W7 & EHIE Z 1 GB 5009.6—2010 1 ()7 k4T, MK & & EZS K GB
5009.4—2010 H I EREAT
1.4 PIRBEHIE

T RE AN AILIA i 7 R 25 2 A 72 PR 0.1 g AR S (WL AR T8), A la TR 1Y R AL AL 21 5
FEAUH- BT A EATIIY . AR B bR AR TR 5 P A S e TR AR L, 23 SR A9 IR s
R PRI AE o 75

VAT 40 )53 & B BRI € AR AN 0.1 g Ze A LR T8, SRR BEAT )20 il 20805 Ja
M FA A (H202), LEVE RN 58 2 iR 52 2%, F R T RS GIE G AT R, LA e
Yiriz & BN RALH ne/g BE

TARLFTL P B IR 2 B R 5 N A R F 6 mol/L #h R /K AR V28R AT VIS e (€0 U BR A Bk
Wy, ARSI ERRASEUAR 7k, @ RORE G SO LA i S SR BR IR & & dk AT 20 17
I AR BARAE H 265 E SRR S S SRR AR R B R, KB BT TR Elite-
AKK ZAERRE I ODS 73 #At . FFdh A ZU B BR (115 8 I 2R 7R 07 1R S Ph B 1R 1) ke
HAE 1000 SR BERRFRIE T T &7 LUk £
1.5 BABG T

P WG E s 2K H] SPSS 19.0 Ge it B 3E47 51K 3 57 % 70 (one-way ANOVA), 24
7 5 W AE I H Tukey Rr30E4T 2 B LLEL, P<0.05 RonZE 7T 35,
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2 &R
2.1 BRI BE B 84 £ A K 1 68 R AE R IR

MFE 4 qfULEH, 12%HRIiIK A& RAE. WMERK SGR BE 5T 0 1 4%/E 1
IKF- 4L (P<0.05),8% Ml i 7K P 2L 26 AR AR EE | 18 8 5% & SGR 5 Hoth %41 6 8. 38 2 57 (P>0.05) .

A 2 AAEIE R R 3 2 7(P>0.05), SALHITEHRILE 96%LA .
R 4 FRRE AT HRES W4 A K RIS W

Table 4 Effects of dietary lipid level on grow th performance and survival rate of juvenile Carassius
auratus var.Dongtingking

e B X3 RE B 2K TE Dietary lipid level /%

Ttems 0 4 8 12

I YA1AEE Initial body weight/g 1.12x+0.00 1.14+0.00 1.12+0.01 1.11+0.01
22 5K{AEE Final body weight/g 3.73+0.14" 3.55+0.14" 4.23+0.17% 4.93+0.27°
IR EE#R Weight gain rate/% 233.37+13.30" 211.84+12.35" 277.01+£15.67™ 343.83+27.78"
FELEKE SCR/I( % /d) 2.00+0.07" 1.89+0.07" 2.21+0.07* 2.48+0.11°
1F ;&3 Survival rate/ % 100.00+0.00 100.00+0.00 96.67+3.33 96.67+3.33

[ 47 B0 )8 bR AN A/ ING B3R OR 22 73 3 (P<0.05), M A BE F kR R 2 7 A B35 (P>0.05). T ERI[Al.
In the same row,values w ith different small letter superscripts mean significant difference (P<0.05),w hile w ith
the same or no letter superscripts mean no significant difference (P>0.05).The same as below.
2.2 TR B 7K-FXHR B F W 3 S LN AE 77 S IR

M 5 ATLUE WL & 5T R E R IR 07 K T g in, (B4 2 18] 78
B R (P>0.05). WLAHAG T & BB E R DK T Em g n, H 12%/56 17 K- 401
PR T & B R E T 0 Al 4% i /K- 41(P<0.05). #R1M, BEE RN A&, M
WK 7 & BB TR, H 12% R0 KA VLK > & B BT 0 Bl /K-F4.(P<0.05).

R 5 FIRHRRT ACSE X BE T 80 4h £ LA 25 478 57 53 R M) (B EE L A
Table 5 Effects of dietary lipid level on muscle basic nutritional composition of juvenile Carassius

auratus var.Dongtingking (fresh w eight basis) %

HE {EABEBA KR Dietary lipid lovel /%

ltems 0 4 8 12
FEEAE R Crude prolein 17.11+0.99 17.731.04 18.10+0.52 18.59+0.88
FHRERS Crude lipid 5.41+0.30° 6.11£0.67" 6.84+0.43" 7.4120.34"
K% Moisture 74.67+0.52" 73.81+1.02% 72.77+0.39" 71.42+0.68"

2.3 BRLAEIT KRR EF 4 AN T Y5 & B IR

MK 6 iTLLEH, SHZMNALS. M. e f 80 R 2 7 (P>0.05). 0 1 4%/
i 7KL IR Bk 2 5 2 25 i T 8% A1 12% M1 I 7K T 2H.(P<0.05),0 i i 7K~V 2L LA 5 2 1 i 3
=T 8% MR i /K F-4H.(P<0.05),
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R 6 CIRLEERTACT-XHR B2 F M50 SR Y5 & B HIRs e (i EEA)
Table 6 Effects of dietary lipid level on muscle mineral contents of juvenile Carassius auratus

var.Dongtingking (fresh w eight basis) ng/g

ig=| [E#4BE B 7K E Dietary lipid level/%

Ttems 0 4 8 12

£5 Ca 6 992.85+£156.66 7 357.27+274.30 5 805.73+623.53 7 303.58+325.92
i Cu 50.41+1.09 50.20+0.64 51.01+0.30 49.68+0.01
% Fe 43.89+0.68" 48.72+0.95" 15.29+4.99" 12.43£1.23"
Mg 447.38+23.78" 421.21+18.32*" 369.89+11.73" 380.85+9.91"
£ Mn 55.13+0.73 54.44+0.55 54.04+0.32 54.23+0.52
& Zn 57.32+1.94 57.36+2.65 56.57+1.64 52.49+0.80

2.4 FRDRLAR W7 7K SR BE T 4 £ AL DA AR P R AL A, B 2 B i)
2.4.1 TEPRHIE TR 2L AN B2 T 480 41 £21 UL PR e TR - TR A S i

M 2 RIS 7 WTLUE W, TREFSULAIL S 15 FIRDTER, e SN 0 s 17 R
(monounsaturated fatty acids,M UFA)TE % KGR o0& & i . WA I R (saturated
fatty acids,SFA) & B E KN C16 © O,MUFA & ERE KN C18 & 1n-5, ZAMAAE I
1% (polyunsaturated fatty acids,PUFA)H & &8 = 328 C18 & 2n-6 Ml =+ R /N MR
(docose hexaenoic acid,DHA). #ZH UL PRI NG 7 R 2H RS AN ral R} i 17 R AH A K BRI A A o Bl
F RV AR T, SR ) C18 ¢ 2n-6. PUFA. n-6 PUFA & & /& n-6/n-3 PUFA £
FrEa#s, 1M C16 @ 0. Tk AR (eicosapentaenoic acid, EPA)F SFA & & 2[R K%
FHXS R, B8 EHTE D5 K F B T, B4 C18 © 2n-6. EPA. PUFA. C16 : 0. SFA.
n-6 PUFA & % n-6/n-3 PUFA 75 2 8 A [R] AR AL i 3
2.4.2 TERHE TR ZEL AN I B2 T 8 4 #21 JUL PRl 3 TR 4L R ) 22 5 1

MK 2 FIZ 7 ATLAE Y, I 7 504 e JL DA IR 7 T EL 5 sk o D I I 7 4 A L
0+ 8%~ 12%JIEMi7K-T-ZHLALA H SFA & B AR T M RLH % ZH AR SFA &5, 1 4% /IR 7K
SFAHALA T SFA &2 Trakkd SFA E&. S NLAY MUFA & 23kl MUFA
GEm, HPILAT CI8 ! In-5 HEX & THET CI18 [ In-5 8. FHNIAY PUFA Al
n-6 PUFA & 84K T MR 4k PUFA Al n-6 PUFA & & . &40k R A6 E| €20 :
4n-6, {HZEHNNTEEH C20 : 4n-6. FHNIA T n-3 PUFA & &3 LAkl n-3PUFA
HEE, EEHAIAT n-6/n-3 PUFA I FAH M A BE T n-6/n-3 PUFA. Bk 0 @K
bb, FAHBRH DHA & &3 ULA Y DHA & &1,
243 HEBHHENAF RS E

M 7 TLAE H, ALAF C18 & 2n-6. PUFA. n-6PUFA & K& n-6/n-3 PUFA Bfi% 1R}
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MK P Em T s, B 12%E0KFARALA PUFA SEEE ST 0 JEKTFA
(P<0.05),12%JE i /K T4 EIWLA H C18 & 2n-6. n-6 PUFA & & M n-6/n-3PUFA &2 =T 0 Al
4% R i K41 (P<0.05) . WLIAIH n-3 PUFA & f2 B E T R} RE 5 K7 () 7 s i BRI, (H&2H2
() TG 2 % 22 7(P>0.05). 0 fai/K-FAHNIAAH Cl6 : 0 il SFA S EEZE ST 8% 12%/i

i 7K 41(P<0.05) . 422 AL EPA. DHA & &5 8 3 2 7%(P>0.05)
R 7 FRERACEXHFREE S04 £ LR AR BT BR A & & B

Table 7 Effects of dietary lipid level on muscle fatty acids composition and contents of juvenile Carassius
auratus var.Dongtingking %

b= tE#4AE A KT Dietary lipid level/%
ltems 0 4 8 12
C16:1n-7 6.54+0.20° 5.15+0.44° 4.36+0.16™ 3.61+0.13°
C16:0 14.88+0.21* 13.15+0.81* 11.05+0.14" 11.51£0.69"
C17:1n9 0.74+0.01° 0.62+0.04" 0.53+0.03" 0.47+0.01°
C18:3n3 0.68+0.05 0.52+0.06 0.52+0.04 ND
C18:2n-6 9.19+0.10° 14.62+0.74" 18.45+0.14™ 20.61+1.59"
C18:1n9 45.67+1.46 46.25+1.89 47.77+0.52 46.79+2.03
C18:0 6.64+0.26 5.92+0.40 5.09+0.11 5.13+0.63
C20:4n-6 0.98+0.06 1.03+0.13 0.64+0.08 0.86+0.15
C20:5n-3( EPA) 3.04+0.22 2.80+0.25 2.20+0.13 2.20£0.42
C20:4n-3 0.79+0.04 ND ND ND
C20:1n-11 5.20+0.48" 4.68+0.23" 3.78+0.05" 3.61+0.23"
22:6n-3( DHA) 3.58+0.28 3.61+0.71 2.69+0.20 3.19+0.93
€22:5n-3 1.00+0.07° 0.76+0.04" 0.54+0.04" 0.51+0.07"
C22:1n-1 0.75+0.11 0.88+0.04 0.87+0.02 0.89+0.04
€20:2n7 ND ND 0.55+0.01 0.60+0.05
SFA 21.52+0.42° 19.07+1.18™ 16.14+0.16" 16.64+1.28"
MUFA 58.89+1.86 57.58+2.43 57.30+0.64 55.37+2.21
PUFA 19.27+0.77" 23.35+1.53" 25.59+0.34" 27.99+2.26"
3 PUFA 9.10+0.62 7.70+0.67 5.95+0.32 5.91+1.32
n-6 PUFA 10.17+0.16° 15.65+0.86" 19.09+0.07* 21.47£1.52*
n-6/n-3 PUFA 1.13+0.06° 2.04+0.06™ 3.23+0.18" 3.97+0.76"

2.5 TURAE R ACE XA EE T S 5h £ LA E R A R K & B IR
R 8 VIRIEHT AT xR F M4 BN B BRA K S BRI

Table 8 Effects of dietary lipid level on muscle amino acids composition and content of juvenile Carassius

auratus var.Dongtingking %

bl =] EFAE A 7K Dietary lipid level /%
Ttems 0 4 8 12
2 FER Ser 30.55+0.35 29.96+1.35 29.69+0.08 29.72+0.15
BREER Tyr 11.61+0.14° 12.15+0.07™ 11.56+0.31" 12.57+0.14"
EPEER Cys 1.73+0.07 1.77+0.05 1.73+0.08 1.84+0.07
I EES Pro 21.91+2.51 24.11+3.31 20.68+0.53 18.90+0.30
XEZEE Asp” 24.29+1.43° 20.95+0.98" 20.68+0.53" 18.90+0.30"
BEE G’ 65.30+0.14 64.85+1.02 64.65+0.10 65.96+0.43
HEER Gy’ 69.51+2.52° 56.10+2.92° 56.79+1.62" 50.03+0.94°
AEEE Ala” 51.24+1.54 51.44+1.91 49.98+0.03 48.15+0.22
¢HEAER His 28.94+1.38 28.62+0.72 27.17+0.43 25.85+1.31
BEEE Arg 21.81+0.58 22.44+0.80 21.59+0.24 21.34+0.27
ESER Met 5.73+1.25 6.87+1.35 4.86+0.34 6.21+0.26
FEEEBE Phe 17.23+0.56 16.42+0.40 16.48+0.13 16.31+0.09
FRE le 23.42+0.37 23.41+0.69 24.29+0.05 24.51+0.04
FEEE Len 37.83+0.57 37.44x1.07 38.40+1.11 38.73+0.05
FHEAES Lys 528.18+4.15 522.23+6.36 523.83+1.64 531.66+1.32

EEL Thr 24.91+0.03 25.07+0.28 25.30+0.09 25.29+0.07
HSER Val 29.61+0.24™ 29.59+0.41" 30.67+0.03" 30.63+£0.07™
INTEEEES Essential amino acids 666.90+6.28 661.06+6.18 663.83+1.53 673.33+1.22
N EERS Hall-essential amino acids 50.73+1.33 51.06+1.43 48.76+0.19 47.19+0.68
JE 4T S ELER Nonessential amino acids 276.05+3.20" 258.17+3.75" 257.71+1.64" 249.75+1.52"

MRS EER Flavor amino acids 238.41+2.37" 223.29+2.86" 223.73+1.34" 216.44+1.38"
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MF 3 FIE 8 AT LLE Y, ke )t (R LA AR 3Lk 21 1 17 kg, Hod
AFEAE L TR 8 Py LIRS 7 PRI TR IR 2 B, VSR (Try) TE R R B 1k
R BRI . 0 ARW AP AL R 06 75 S SE TR A MR R R 7 B o 3 i T b %
#4(P<0.05), H. 0 lalizK-FALVLPH RIRZHERR T 1R & R IR (Asp) M H Z IR (Gly) & & 2. 3%
T HAR S 20 (P<0.05) . 12%RWiI K- FANAHEREAR(Tyn S ®EEmT 0 BIiKFA
(P<0.05),8% I8 7 K F-2H LA h 4R R (Val) & & 2.3 7 T 4% 8 7K “F-4H.(P<0.05) .

3 Wik
3.1 PR T KRR B2 7 6 A2 1 e S VL A E 57 A IS TR

WM Ve K =B i b R VE SRR, W HAK R IRt Re R TR . A5
FEE RGN, 12% A5 W7 7K1 2HT 2 75 0 4 £ 1) 3 3 22 R0 SGR 225 15y T 0 A1 4% B I K1 4.
X5 2 AT NI Jin 2504, Watanabel 'SR 78 45 B — 8. 7518 & B AR IR P2
AT, TRl b B s A 75 IR D RRZK P4 i, AT DA AR (i AR DO, FEARBE T, 12%
FE i 7K - AL AR 7 41 F 3R A T S K3 L FRT SGR, 1X 5 Pei S5U7IR 7143 tH 57 B AR AW
UEIATE 4.5 Q)& BRI 75 BN 14.05% A0, H, 92 RSB TS H 1 7 B R
(Carassius auratus gibelio)(WJ4AIRE 17 g)PE B NENT T 22 E A 4.08%~6.92%. HIEXNEFF
RIIE G FH R EZBIA R A KB B AN F G W75 R R AR matol, Ryt T pd 4= K
KB WA B, FEIR AR R & s 5 Dy 8 222021 IR F S5 2R A T fpish A
[7 Fig 17 7K P %of B K 3% 39 #81.(Pelteobagrus vachelli) W AT . B4t 48 KA RO IR, 45 SRR IE
LA AR 07 5 S b PR it A KT PR . AT 4l B D AR K R 7 A L ERDRE g 17 7K
AR I U R 2123, A B AN IR e i R 17 5 2 A v P S A

IR RHE S SR = B AR K MR RR B [FTB, H8 BOK = S A e R, AT 5 ) £
FH RIS AT AR IR E T ) f LR ORI D 7 R B S DR T KT B T v
BT, LK &R R R ES . ERREUSH ORI, £ ik
JE 177K ~F-(6.04%~9.88%) N, 3 B AR IL AR SR HopEL g 17 5 & 2 I BT . AE A
ff1 (Rachycentron canadum) 1L 3 (Polyodon spathula) b 0453 H 1 a4 g B i 0 RR S 4 kLG
WK 2 IEA SR AI R4, M aynard SF2WE LI FUE_EIBF A, @RS 80
RT3 B> B TS B IG N, Y8 T AR ERRRE . UL AR e s 2 B A SO
S I R e 7K B AR A A B U ) PR SURIVE FRANMEL 2O, IRt SAE IR AR T e Sk
ARABP TR BRI AR S, R AR AR b B DABEARE S R R i i 5
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TR ARG 7 KPR & BRI YE Rl 2 P, BE L R R 1 AR, SO Gt LV P R
- AlR
3.2 BFRHIRNT ACERHRREF M5 # AT Y5 & B R

LA R AP TR S AN AN RS I A RS SR AL, T LRI ) ) XU T
27281, R T R T (M) HTES T (Cu). SRS PRt L F(Mn?HE 5 R
S AT O, TE LR AT RUBR R A% T B IR o R RS T (Zn® ) 7E £ PR IR AR 2
Cu?"Fl MnZ* U] 22350k, Fe¥' il Mg? 45 Rk . TEARF L H, BRI ACEF S, W
JE T G4y 0 LA T R B BRI, R R AT Hh IR 7 BT £ P JUL PSR XU AT i B
E = %Ak (Salmo trutta) i bt B T SR AIRIF 70 45 SR, LA B0 Bk Bt 25 T R R 7 7K T
T i PR, SR AT e 55 LA IR 7 25 T S U SR AN ) R B OGP, (H Rk
IR 5 PR IR ) D6 R IE TR — 2P M AL
3.3 FARLAR T K xR B T 4 £ AL DA AR P R AL R ) R Vi
3.3.1 FARLAR T R LE AN B 7 48 4l £ UL AT AR T TR 22 IR F A S

TRZ TR, K= Z A2 LA NG 7R (4 2H RRAE — 5B R P L SR 1 AsDsk g 1 1 1 2H R B .
A A RABUESE T 1X— £, f&E kA C18 [ 2n-6. PUFA. n-6 PUFA & & n-6/n-3
PUFA 17t 51, 1 e 75 14/ e UL PR oA o 2P 28 1 e 7 R 2 Bt s T« BEE TRk SFA
EPA £ &AM, LA (RIS MR 17 R 2 2t AH LR A1
3.3.2 PR} AE BT R4 BRI BE 4 <l 2 UL PRI g BT R TR ) 22 e Ak

AR T, SHIWAHL ) MUFA & &5 TAXS SR, 0. 8% 12%JR7K
LML SFA E AT AR AR, X 50 WA R s gl R —3, KB s i
(Pelteobagrus fulvidraco) It SFA EAEAII4407 M UFA, Jir DL I AHE 78 7] DAHEDN R 2
T HA] i th 2 AT X Al SFA #546A MUFA I

LR, C18 @ 2n-6 1 C18 : 3n-3 437l /2 n-6 1 n-3 PUFA HIRTHE, EAEED KN
AT DU o B B B SE A S AN, DT e AR Oy v EE A M M g BT B2 (highly unsaturated fatty
acid, HUFA)), AR srHr, SR LA PUFA & n-6 PUFA & &, JUHJE C18 : 2n-
6 BT T AN B TR, UL DHA A1 C22 © 4n-6 & & T R TakL, 1% 5
HEPIE D 4R R4 R — 3, ATRETEIR E T R N R AT C18 L 2n-6 [H] C20 :
4n-6 B DHA %41k
3.3.3 {2 H a2 £ UL P e B R 4L i EL R
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TR (A B B B AEAR KRS e T LI XU S o o B ST 45 AT, TRE
BY LA o PUFA &5 & B & BRI 7 ACE B TH s Mg m, 8 Tian S5P3E Jg B B E £8
(Oreochromis niloticus) [ IR 7845 1 — 3. SRR E PUFA 25 5 S BUILME, I 51 & O
L8 45 J7 TR 509, fIK PUFA FRI7K 7 it BE AT 45 BRAR A B IR AR A 75 3K

KT, BEEEREIK T &, DI n-6 PUFA & &EZH 5, H 12%/E1iK
P4 n-6PUFA SR EEmET 0 M 4%[5K-F4, {5 n-3PUFA SEFLEZERNL, X5
BOhm Z5ECO AR 5T 45 F—5 . Turchini S50 7RI, RV A B AL i (Salmo trutta) L
P n-3 PUFA & & FF%, [T H n-3 PUFA fi7 A4 HH 05 & SO 1) & Bt B 2 FAIK 1
Sérot ZEUSIRE T 45 0 A (155 A SR B n-3 PUFA ATZE T, SR 17 £ P R AR B b A< vk
T H R i n-6 PUFA fi7ZE TR P, Ak, n-6/n-3 PUFA 7E 1A £ A JXUSR it 2 4% T B B4R
FI, &9 n-6/n-3 PUFA FUHEELLBIZIN 10 149, @ CRTAT K& n-6/n-3 PUFA i
P L, AT B N RIS e S . AR FER W], BEAE R R T K Y 1
B, n-6/n-3 PUFA 1280, H 12%8 05 7K-FZHNLA A n-6/n-3 PUFA W35 5T 0 F1 4%JiE
i 7KF4H . X 5 R AR I s (Rhychocypris lagowskii) b (I 75 45 240k Ktk, ML
JE TR K VA St ST R, ARk IR 77 7K S PR 488 i {58 ] e 5 6 4 8 JUTL PAY ) UG i JB AT o B A1
3.4 ARG BT KSR BE T 85 £ L R S R AL A ) R el

PUTRIR R T SRR TR . 14 03 4 R & A 504k, G EE R A2 RN & A — e P P
R E TR GRS . KBRS T 1) Asp Al Glu 2 2EERIZIERR, 1 Gly Al Ala
e R H R IR . ARFFAERRD], WL () XUR UL R 2 5 B B T R e A (R T
M REA%, H 0 BEMIZK-T-2H XK 2B IR 1 7 2 3 & T oAt %54 . Buchtov Z5U2RE 78 B, LA
o B 1) XU S B R R o 75 S IR T DA v £ A P XU o R b DA SRR AL F P 25 R
b6 N 77K P (R Tk, TR T SULPY RER AT P R B (R R W SR, AR
BRI K (7%A1 12%) %) 57 BRI CP IR E 177 g) LA XK Z LR A& 7= B E o, X Af
RES AR B AE K BoA ¢, 16 T 25 SRR I AT R 7T
4 g
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Investigation and analysis of heavy metal pollution in natural plant feed raw meterials and

products in 2018

YU Zhi-Qin SHANG Fang-Fang LI Jun LI Jun-Guo GAO Yun-Feng ZHANG Bo GU Xu
Agriculture and Rural Ministry Quality and Safety Risk Evaluation Laboratory of Feed
and Feed Additives for Animal Husbandry, Feed Research Institute of Chinese Academy of
Agricultural Science Heilongjiang Agricultural Products and Veterinary Medicine Feed
Technology Appraisal Station
Abstract: Objective To understand the pollution of heavy metals in natural plant raw materials
and products in 2018. Methods Samples of natural plant raw materials and products collected from
10 provinces and cities including Beijing, Tianjin, Heilongjiang, Jiangsu, Anhui, Jiangxi, Shandong,
Henan, Hunan and Guangdong were analyzed. The samples were digested according to the dry
digestion and pressure tank digestion methods in the national standard method, and then the
contents of arsenic, lead, chromium, mercury and cadmium in the samples were detected by flame
atomic absorption spectrometer and atomic fluorescence spectrometer. Results A total of 100
samples of plant feed materials and products were analyzed. The highest content of arsenic was
8.54 mg/kg, and the proportion of samples greater than 2 mg/kg was 4%. The highest value of lead
was 20.33 mg/kg, and only 2 batches of samples greater than 10 mg/kg. The highest value of
chromium was 927.63 mg/kg, and the proportion of samples greater than 5 mg/kg was 24%. The
detection rate of mercury was 4%. No cadmium was detected in all samples. Conclusion This
investigation and analysis found that arsenic, lead, chromium and mercury were detected in some
samples, and the heavy metal content in a few samples was relatively high. Therefore, it is

necessary to strengthen the monitoring of the safety risks of natural plant feed raw materials and
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products to ensure the safety of animals and animal products.
Keyword: natural plant feedstuffs and feed products; As; Pb; Cr; Hg;
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o3 1 0 RN R, AT S 2 A v AR MR A it Joa M DAY XSS R v 2 o 7K 7
B RS AR LA JROK 0 e S B8 B R B B e AU R R S LA 2 AR A DY,
TR RSN 150 mg/kg RRIEA R I AT 4 — 8 AR T b o808 g 3 X 1 A o B 4 i b e AL g
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IR REAT T B A A R IR A E A A B R R, DAY naR N K AR
TRk SRR B 7 it 2 A XSG P M 0 DA R AIE S R0 sh A P 77 il e A it — 5 1 S #%
2 MRS 5
2.1 AXER5REAA

AA6880 JETIR IS (H A B i3 A 7]);AFS-9130 JEF U6 6 i A (b 5t 3 RAX B A
]); 5 7 AR HE-30 mL (PG 22 A AN A% 1 4 24 1); CWEF100 Iy 3k A (H AR B3 2 5] ); 8K T 140
(B —EREAEE A T

i B B B Ok 5 PR BB JT R AR R (1000 me/L) 4 BRI i) [ ZXArdE P o,
FRUEYIFRAE 520 58 GBW(E)1002031803. GBW(E)0815771803. GBW(E)0815841803.
GBW(E)0815811803. GBW(E)0815931804.

RN ER (4 B 4t 75 5 EMSURE 72 7] )74 #h B2 (1t 2 i, [ 24 42 A1 4k 2% 300 IR 71 ) B IR
PR LR (3 B 4, 1 24 4R A0 200 BR 24 W1 ) 5288 % A 7K O MElL-Q il 4% PR 4l K

ARS8 BT B 2% SR TR LL 20% A8 RIS ORI 24 h DL b, 26 BF /K i 4%
i
2.2 ERFTEE
2.2.1 BREH)

THER M (1%): 5L 10.0 mL FEEE II A 100 mL 7K HH BB 22 1000 mL.

ERR VA6 mol/L): BX 250 mL EZR1Z18 A 250 mL 7K+

AL B (KBHa) L (1%) AR BV E AL AT 1.0 g 36T 100 mL SEAAH(0.5%) %, i
& HILED) .

B IRV RL(50 /L) FREUER AR 5 g, ¥ T 100 mL 7K 78 SJ (B ILAC) «

B 4 )& U R ARMERE (10 mg/L):HERRIRE 1 mL SICEFMEER T 100 mL 25 &,
F 1% RS BRIATRE 75« MR BRI 7 V0B b e 159 2 b o i 28 T AR
2.2.2 B AR

FEAbRT. KA. BRIT. VL9522 VL. 7R, R, I, RS 10 ME TR
8 100 HERFEAR, H AP KRR R BRI U 74 K. &8 A B (IR & k)
RN 26 ML DY SHiE4R oy 22 250 g Bt fa it 0.425 mm FLAZR R0 A0, TR 5, 38 N E 48
25 F
2.2.3 FEmMETALE



MRAETC R m B0 s BT ER IR T IR A AR, RN R 0 3 18 FH S 0 ¥ AR s e

(1) 7778 FR S8 A5 PR EUARE 0.5 gREAA AR 0.0001 g) TSR DUSR £ Y 3, I AR 5 mL
R . S5 UF N B, T BN AN AN ONARIR TR, 140°CHRRF 4 hEA N AARR HI 2 =
I T EAGR AR 2 0.5~ 1 mL, i 913 25 mL A& A 285 N 0.75 mL #hR &
2.5 mL W IRVE I, 7€ 25, IR I 800 2 ke

Q)T A FREL 2 g BFE0.0001 g) &M mHh Ja N KAE T AP Bk 2= T, %
N34 550°CHKAG 4 h, E R ToBRL. ¥ H1L A 10 mL #hERVA (6 moVL), B3I TE i i th,
HP IR E EVE AR AR 1~2 mLOERER IR H), ) 1%MBRIE R E RS 50 mL AEH, 17
51, TE AR AR R, EALAR Y, TR 1) 8 X700 2 1 VR
2.2.4 &t
(EF RN FAMF

T R T 9 RE O F A F I 270 Vi 25 Lo B AR AT FLIAE:60 mA ;oK 25 Lo B AR AT Ha
T:30 mA; R AL 2% 8 mmy 3 A IR 400 mL/min; 57 ik 0IR BE:800 mL/min;SEAL A] 7.0
S IEIR I [H):1.5 s
QR FRMOEIE R A4

FIR:Cr 250 BT 398 K:357.9 nmy kT HLIRE: 10 mA;BR4% 55 F2:0.7 nm;RKEk = 9 mm,
KR - LR BRI 15 Liming RS 02,5 Liming /10T 5 50AR IE
JeE:Cd 25U BT 9K :228.8 nmy T FELI:8 mA;BRE% TR 0.7 nm; RGeSk E 7 mm, KIf:
TA-CH BRI R 15 Limin A 1.8 L/min; T 5 5% 1E.
JEIE:Pb 25 0 B AR AT 3 K :283.3 nmy kT FEL IR : 10 mA; SR 4% 55 E:0.7 nm;AKE k5 7 mm, K Jf:
TR CH BRI R 15 L/min; A 2.0 L/min; iT 5 52 1E.
3 BRE55
3.1 FEmARI SRS

®1 EYRBYTEEERNER

Table 1 The results of heavy metals in plant extracts

TiH DT F#{f /(mg/kg) PR A /(mg/kg) PR R R
B ND~8.538 mg/kg 0.53 mg/kg 2 4

i ND~20.33 mg/kg 1.55 mg/kg 10 2

#* ND-~3.36 ng/kg 0.068 pg/kg 0.1 0

i) ND — 1 —

% ND~927.63 mg/kg 2.41 mg/kg 5 24

XF 100 fEAE S EAT B0 B BE ORAER 5 Fh g R A I (RN 45 R IR 1), K48 (1
BEEAbRAE) HI5E, RTHIA 30 HEOCRE AR GEEAR AR W 1B DL LR 2).
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Table 2 The sample table of heavy metal content exceeding the
limit value

R H Fedh 4 T HE/(mg/kg)
B TR a BRI R R U 6.06
TRA EVEDEES A S B

W PR R 0
TR BB AR R A (- SR H .
HiE 2R AR IR
AR HCH R T s ) 35.17
iR S R 8.91
WA, HE 7.88
AT W 6.18
WY, LT 7.09
AT, RIEE 7.52
WAT, vl 7.88
LM AR, HAT 8.61
FLnhRE L B EA 1031
WEATE, TE, Pt 7.64
S NN R il I 7.40
W, HE 7.88
B BRIl 10.07
FEATI 1l 8.97
LR UL TR S Y 9.16
AT, KAhM, A 8.85
AR HCH R T s ) 927.63
TR B AR LR ) £ 5 T 2031
(FEBMRR)
Az g (A ) 8.12
T B R 14.31
ICE 7.4

B AR AR 247
AR LRI 253
A B 0 5

(MR .34

a4 (HPRT i 2.33

# H BRI 2033

RAWAREMARRNES
(AR

SRR DN 45 SR AE 0~8.538 mg/kg I8, FI S BN 0.53 mgkg. Hrh S EART 2



mg/kg FIRERILA 4 K, HEFEAR LGN 4%,4 LU 538 & P B TR A B b k)
VRN Tt 2 BB v AR i o — b 8 ZE m R IR TR & B T RRA N 7, S il 8.54
mg/kg, & M PR A 1 4.27 fi%

EYEIARGIN 25 BLAE 0~20.33 mg/kg 2 18], P& @M 1.55 mg/kg. HAE&E KT 10 mg/kg
[IRE SR LA 2 LB A 20.33 mg/kg A 20.11 mg/kg, di M FEA LLBIA 2%, 73 5 —Fh &
VISR IR 2 o 24 A 3 0 B 22 O IR 1 VR & LA RL AR )

B BRI 25 RAE 0~927.63 mg/kg Z 10,355 50N 2.41 mglkg. HAEHEKT 5 mgkg
IRES AT 24 HEK, 5 SREAR LGN 24%, He b —AN i RE 25 2 W) Bt LSO IR RE o 8% 1 2
=ik 927.63 mg/kg, &% IR A 1 464 £, H & — NS YIS 2 Fh e A= A — A 2%
TR i PRV A B ARDRHAS N0 (A it % 2 B 23 )9 35.17 mg/kg A1 20.31 mg/kg,24 LR
EERE S T 15 R KRR ERL A 9 HE VR S R B IR & BRI 7

FREIRE I ES SRAE 0~3.36pg/kg Z 8] (HE CUlkl TAEARHE) FE B RBir. A 4 SRR
a2 IR IR TR 4 HEUCRE B B R BB VR A B A AR 7)o

A B BUR, AR TR IO R H o
3.2 FEAFEMAE SRR RE

AR RIRAE LG SO SRR A R A R B AE 3 MEF= A Al A TR
T 19 #R Ak B KA T 18 fib Ak C HRREE T 28 bk, 3 MRV R AR FER R 5 R i
SEHT 65%.

Ak A FE SR EEETEIE N 0.84 mg/kg, Ak B BE S AR RSP AME 1 3.36 £, 02
Ak C B A SR ISP IE ) 311 £ Ak A RS RERFIAME R 1.25 me/kg, 2L B
FES TP MER 417 f5, 40k C FER T ERE H . Al A FERPERIFIE N 6.54
mg/kg, & NV B A S P IAME Y 17.21 £5, 2 Ak C B PR I P39 ME 1Y 24.22 £, 4k
A RS B B BN 10.31 me/kg, 19 MFE S TR 15 MRS AT E B R T 5 mg/ke, 1M 534k
2 AN RALH R AR S BN T 5 mg/kg( AR 3).

IO EE 3 A AR B R R AR AR A TR JEURE SR BRI A v 4 S PR A I 45 SR T DA
H, Ak A FER P E SR SR E R T B Ml ¢t ES RS, B AT 5 myke
FIRE R 5 79%. Ak A Hr RARAEA PRI R} B8 45 e 5 Sk v 1Y) B DR T R |l T SR A K3 5%
23T e BT AR B A R RS . B, ik e SR S ek TR E
3 ) O R e IO A T R I M A A AR R LA B T N S BRI AR A N . PR

0



EWAY A TERRHT ISR BB R, AU R JEUR RS S AT i, R It R s R 9
BN T R oh B I B BRHoR
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Table 3 Thecomparison of heavy metal results ofnatural plant
feedstuffs and crude extract

e HREAR Lioall] A HELE
B TiH /(mg/kg) /(mg/kg)
oN 0.84 0.02-1.95
1l A 19 it 1.25 0-5.79
ki 6.54 0-10.31
PRl 0.25 0.02-1.54
ik B 18 i 0.30 0-5.42
% 0.38 0-4.12
S 0.27 0.02-0.61
{milk C 28 i — ND
i 0.27 0-4.37
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