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v 1¥ . 1% 1,2,3  op o v— qn 1 V1
A&%F #H)4E  FAKA B A BREX
% % Fag™™ ExxY 2am’
(1L YT PGARMY K = SR E A 2B, B B 330045; 2. YTV K2R UK P21 92T, B B 330045;
3. BT KA E FF AT S g IR I S SR =, BB 330045)

M7 B

FHEE: AR FT S % (Monopterus albus)% 8¢ G B 7 SR &, LAECHFI SRR 8 R, 0yl A0 5238 8 T 107 0 C ) 2
il SEIR AR, PR IREE(Zn” =21%) A SR AE SRR 43 BIVR N0 104 20+ 40+ 80, 16071320 mg/kgH]
B, TR [F B KT I R (S BREE & 520 5 h48.24. 60.79+ 70.25. 88.04. 123.88. 204.35F1381.65 mg/
kg THJ5), IMEAIUG R 5D (23.17+0.04) g3 % 60d, AR B 5, KR A Ko B MEB B 5 5 A0 I 375 B 1 1
BB VE SR A VPN SR A IO T SR B SRR (DB A E R Kk KRR A AP 256
THE Nk, 1Em R 2R, 60.79415170.25 mg/kgH 25 i (1 19 5 5 A & A4 KRB, 381.65 mg/kg4l
WhE AR e R KRR RIS B A HL S 5K T748.24—70.25 mg/kgHl, LA H A FIHE 52 2 KON F A5,
B M8 ) 8 T 4 1 75 SR R0 ) N 56.854156.79 mg/kg. (QBEERMEEK TS, SfEA SR EL ETHE
T REaEA, 70.25 mg/kgZH MR 258 T B G R RI#a3A, 48.24 mg/kgl B35 i T HARLAL, &S &
By RO B0 TG NIRRass, SEEEEMEE . FFIE. RS T p e S RS, AR R R
JomE BT RIS NI h e B AR, 2k, M. M. BHRAEHESER TRES, Fa
B SRR BTG FREES, DTS 8 S BRI febs, BB i 7 K 981.01 mg/kg. (3)EFHE 1K
BRI T e, B IV BRI B BRI 0 AN B B A B B R BRI S, 7E88.04 me/kgH i HLI
15 T204.35—381.65 mg/kgH, VA L5 B P ik R Bty 71 0 VRN 48 A, B 5 40 8 X (1) 75 SR 09 76.73 mg/kg. ¥
B 1 0% ETHE BRI, 60.79 mg/kgdl i 3 i T HABA, 381.65 mg/kgZH I i% 45 P4 4 S Wi % P fe v HL
B35 148.24—70.25 mg/kglH . LEATIRME AT XS BB A KA RE . AR A ZVEEDTRA AN LIS AR A TR AR 1)
SR, B i VRDIRE T I B T SR R 56.79—81.01 mg/kg. B R L A HEE AN IEEUL A S S AR A o

FgiE: A KVERE, B AR EAkdEbR,
FESES: S965.1  ITHIAFIRAD: A X E4RS: 1000-3207(2024)07-1233-12

T i (Monopters albus)3 J@ M 4N, HREEL
W, GEH. GEERL EEEE, AR o,
X, BERTE, B2 NG LR AEER
e R B e & m R, gRmt
okt et g ZDE Sk EH —E R, A
EE At R 2, ™ P B T 98 5 SR FUARN b o
& HAT#f € i 1S T h Diie i 2 TR, 7
T REHEHEE . HEMERE S, MUEES EHA

Uis B HA: 2023-12-18; 1&1T HHA: 2024-01-24

EAM. B gER. KU EY AR TR
SEMARH, R AR A ReE A JE R
5 2 R AT A SR 1) A R S5 O Th B AT AR
F' Y K= 34 R KA o RS, (8L 7E V5 K 37
Hsgrh, KA A B EAE0.1—50 pg/L, AU K
A FR IR USCAS B 2 L 75 3R, TRDRMEE S /K= A EE 1)
FECRYE . YRR EEA RN, MU FEmAEK
BTN, e BIAKE AR FET R T E .

HEEW B : B IR L F A R %E T £ (CARS-46) ¥ B [Supported by the China Agriculture Research System (CARS-46)]
TEE RN FZ#1998—), 5, Wi W4k, B 7E 5 17 A K = 3h )8 3% . E-mail: 972185054@qq.com  #)#(1998—), i, Wi+ 7 4E;
W 9L 7 [ K 00 9% . E-mail: 1806519795@qq.com  *FL[F 45— 1%

BIEIEE: ARk A, 3%, L4 3)1; E-mail: zhouqiubai@163.com
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G R R R T R R T etk ™,
e I, AN IR AR, V5 e ERS, 1ii L
EM RIS R, B 5. S M e s
3 4 G T P, ST I 2 T B () MR SR R 7 R
L% 2P A T AV, (R I R R b R I T
RN L5 A P T R 2, I bLgE A Y
HY A5 B4 (08 FE R Z B B . AR S50 LU HH 4R
R U, VT AN IR K A L, 4R 2R A
FEE KR B A KRS L AR AR bR S 4LV
TR, B 7615 Hh 3 4 1 B 7 SR B R AE
AR AL A TUARE I, S B B G e 1 R B o e
JRARAEER KA .
1 #MR5HE&%
1.1 SSIRER

DL fEH A LA A TR AR 1R, DL R S
R TVE B 2R K T50%, | K F7.5%()
JEREEC T, DAH R R B B UR (98%, Zn® =21%)1E

kg8, WO R 740 S 38 1Ak . C i 4A ek B A i £
¥ EREOK. B A4, HEmeSn
H LR RAEVRHE A RAR . Brf kY
R 5180 H i, 1% FEER 1 RS LL gk T RR &, DLIR
PRSI AT B 25 JERHE AT, AR5 I N f i A =,
I Z120%1) 7K 43 18 21 J5 F 6074 2 Jig 455 15 AL it
FTHIRL, £5 HARRT G, B TR . TRl
HIEEE B A8.24. 60.79. 70.25. 88.04. 123.88.
204.3541381.65 mg/kg.
1.2 S K SLIOEIR

SEI6 BT FH B YR VL VG A K 2 S R A 97
B I 6 5 P N BB T, Pt 980 TE A% L U
PR T ARNH:, A D (23.17+0.04) gl B 6 AL 4 3]
28N FEBH A T (A% : 88 cmx66.5 cmx64 cm), FF A
FEVARETRBSE, /3 74, B4 EE, FRIEM I
B K P B i SR R R A B

FrHH S IO AE VL G ARV K 7K = 77 5 3 L gh AT
FREARS [ 3E60d. FRE B /KA 18.6—30.5°C, pH

FEREARFRZIN0. 10 20, 40, 80. 160F1320 mg/ N6.5—17.5, i fRE 4 RASE

6 mg/kg, AR & =<2.0 mg/
#1 ZRRRERRERKETFHIR)

Tab. 1 Composition and nutritional level of experimental feed ingredients (dry matter)
J7 KBl Ingredient Al Group

48.24 60.79 70.25 88.04 123.88 204.35 381.65
4 ¥} Fish meal 360 360 360 360 360 360 360
HfISoybean meal 150 150 150 150 150 150 150
4 45 F1#) Concentrate protein meal' 160 160 160 160 160 160 160
T K A #Corn gluten meal 40 40 40 40 40 40 40
/N3 Wheat meal 200 200 200 200 200 200 200
% K Broken rice 30 30 30 30 30 30 30
R — A 45 Ca(H,PO,), 15 15 15 15 15 15 15
iRk} Premix” 10 10 10 10 10 10 10
£13H : F.3M(1:1) Fish oil:Soybean oil (1:1) 30 30 30 30 30 30 30
SALIEFL Choline chloride 5 5 5 5 5 5 5
HEREGly-Zn 0 0.05 0.10 0.19 0.38 0.76 1.52
At Total 1000 1000 1000 1000 1000 1000 1000
3% /) Proximate composition (%)’
F-#)% Dry matter 91.93 91.96 92.25 92.07 91.98 91.93 92.00
HEQDCP 49.87 50.07 50.00 49.98 49.81 50.11 49.87
HHARIHEE 7.42 7.50 7.54 7.53 7.38 7.40 7.42
K455 Ash 11.70 11.82 11.92 12.05 12.04 12.08 12.25
M 4B Total calcium 2.38 2.39 242 2.49 248 2.49 2.45
S5 Total phosphorus 1.47 1.52 1.50 1.51 1.41 1.42 1.46
% 7KV Dietary zinc levels (mg/kg) 48.24 60.79 70.25 88.04 123.88 204.35 381.65

7 A TR R 25 32 R K The composite protein powder is mainly shrimp powder; TV k44T 52 4L 44 The premix provide
the following per kg of diets: VA 6000.0 IU, VD 2000.0 IU, VE 100.0 mg, VK 5.0 mg, VB, 15.0 mg, VB, 15.0 mg, #H ¥ niacin 30.0 mg,
VB 10.0 mg, iZ & pantothenate acid 25.0 mg, M-#&folic acid 0.2 mg, VB, 0.03 mg, ZE#JZ biotin 0.2 mg, JJLEF inositol 100 mg, VC 200.0 mg
(CAYBUR 7 o) 2 THT 5% 343 1 2 208 I Added in the form of surface spraying of pellet feed), Fe 150 mg, Mn 20 mg, Cu 35 mg, Co 0.1 mg, I
0.35 mg, Se 0.1 mg, Mg 50 mg, K 50 mg; SRS A Nutrient composition is measured value
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L, Wi R ££<0.10 mg/L. & KILME 1R, MR H
HNR5: 00, D2 IR, B A K iR BEAS
TEANIE, ORI E. EREMRESK
HAT LRI, B R AR F7 5046 KA iR #e 58,
ANT (i 7K FR i 2 T RS SR KRR 78 31 K
A7, K AT E KR, HWZEABL2C. F10RMNE
TR ¥ 7K BT B9 K B 50, K AR 1 I Fe. Cu. Mn.
InfE EEE R IR 20 NI g5 G, BEE 1A kL
ACEI TR, KBRS A T EiE#, 381.65 mg/kg
o0 3 T A L, B AR S v ] b 3R K A v
GB3838-2002 I 28K [ rHE (KR Zn ) & B AL

50 pg/L)o
1.3 #HmRERSINTE
HmRE  ERITAATNE R PSR

Y5) E 23,17 gy B f FH AR S 6 BT f AR ) o
IIHT . FEFEHE60d)E 15 24h, FREVEE D FRIERE N 35
il 2 JF U, TH SR EE 3G H R (WGR). AR R
(SR). H55E 4 KR (SGR)MIA K R B (FCR). ME
A FEFEF N BEALEN 2 R iR i, 48R, FREE, W& 1A
K5 W R I, 7 vk A b A 5 WCER EIE . i
BE Bk WURAVEAEE T 905 & 2 04T,
KM T4CUKAFRE LSRRI LERT
—80°CHHMKIERAFFFI . FHZH N8R (4622 ) E
A 108 FR O O YR S AT

EHEFHINE MK ZSHGB/T6438—
2007, & #H550°C Ml R Beik; 85 K FHHEDTA%ZS &
T T B ER AR SO R R K E S R
GB/T 6435—2014; A Jig 5 Il %€ = [ GB/T 6433 —
2006; A8 FE 2 GB5009.5—2016.

BEMAER SEA. AEA. BN

AW BEEE . R . AR EES Ak
Fa bR B3 B B @ A TR T AT, A%
2 BRI 8 B P AT 5

THIRESEMNE WM, . &
MER S U KRR . BR. #h B = E R

FLIERR & 55 19 1M S A (ICP-MS, 3% [5] F8 3R 1t
IRBHE A AL FREUFE i £90.20 g T 2 DY 9 20 1k
P R A FEHR, I\ 6 mL HNO;#12 mL H,0, /il
i B T B, AL R T AR CD SR AR (Rl
T EFR T 120°C J i 8min, £R I Smin; 150°C 7+
Smin, PR Smin, 190°C Fti# Smin, {f i 20min), ¥4 %]
Jo BCHS VAR, 212 AT T HE B HE R, 7R R RE IR R
I b HEAT LR, BRI E N 150°C, LR 2 ik ke
Pl REL) 0.5—1.0 mL, FHER A5 2 50 mL
BRI, AR R e e —3 k5 &
250 mLAF I, [ I o) 4 A o 40 5 A o AN )
Fl o R T8 R B0 N R JBORR B 55 5 1 4% Jo i 5
SE, LABEFNIC 3R I S A 5m BN AR 8 1t 58
B2

HERITERBIELTE

1715 Z (Survival rate, SR, %)=N,/Nyx100

14 2 Weight gain rate, WGR, %)=(W W)/ W
100

H¥ 7€ 4 K K (Specific growth rate, SGR,%/d)=
(LnW~LnW)/tx100

1Akl 2 %0 (Feed conversion ratio, FCR)=W/(W~
Wo)

¥l TR % (Mineral retention rate, MRR, %)=
(WX W= WX Wom) (W< W) < 100
X, N R RBEG Ny vIia R &G WoNE R
T (g); Wy NIRRT & (g); W R NARHE (g); 1
TR RE(d); Wi N E R AP 5 & (mg/kg);
Wom ARG 4 L W) 5T 55 B (mg/kg); Wy ]9 BIEHT
Yo % & (mg/kg)

g5 J UL B bR 1 R (mean+SE) TR 7R, H
SPSS 23.04¢ v 8 A1 3EAT FLR 32 77 2 43 HT (One-Way
ANOVA), # X Duncank £ = L, P<0.054 %
. DI ER . FpE A KR, SRS
B, I3 B B R NV 1 D 2 5 FR AR, 1 OriginPro
202285 A1 2R HI 4t G AR AT 0] I 7 A 45 1 3 6 %))

=2 ARMSEKEXNFEKIEZn, Few Mn, Cud EMENNCES{ELHTEIR, =8)

Tab. 2 Effects of dietary zinc level on the contents of Zn, Fe, Mn and Cu in aquaculture water (meantSE, n=8)

T} 7K ¥ Dietary zinc levels (mg/kg)

FCR Element (ug/L) 48.24 60.79 70.25 88.04 123.88 204.35 381.65
£EZn 36.63£1.78"  34.99+1.47°  39.244236"  38.17£1.72°  39.19+2.38"  41.34+2.06°  49.78+2.45"
BkFe 42925162 42.50:1.68  43.00£148  4241£1.19  42.16£0.96  42.13£2.00  41.670.92
45Mn 11204145 10874224  1081=1.11  10.86£1.22  12.84+1.90  13.04+271  13.07+1.31
HiCu 2405285  2046+1.83 21024187 22624207 20824222 20674221 1737118

W FATMEA B S A MRS BT R LR R TR FH ER (P=0.05), SEAFARYL LT RHE RN REER

(P<0.05); I []

Note: There is no significant difference in the same upper right corner of the same line with the same English superscript letter or with-
out superscript (P=0.05), and there is significant difference with different English superscript letter (P<0.05). The same applies below
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G AR RE. DREMARHAARSEANSH,
HA A 5 H LR TS AR AR 5 &, SR
BE/KFREAT AR IR M, EEROAN (] ol 2 A AR 45 1 3
B AE 2 LA TR AR o

2 R

2.1 AR R ERA K BERY RN

3 3T, B8 & TR K 1 T i, B S
WGR. SGRE% FFHE T REMES, 1£60.79 mg/kg
s, WRME K5 170.25 mg/kg, B EETWGR
FMISGRF [%, 7£381.65 mg/kgH ik, H & F KT
48.24—70.25 mg/kgl (P<0.05). [t & 1A KRF £ K F
()7t e, B ) A7 TS 26 5 T R, 381.65 mg/kgl
K T48.24—70.25 mg/kgl (P<0.05), LA &
FANREE A K F NP Fa b, 183 3 2k 7 A2 B 45
HE BB B PR L 7 SR B0 ) 956.854156.79 mg/kg
(E 1A 2).
22 ARMEPKENEESEERKTHFN

1 4R, B TR KPR v, S g 4
HEASERL BTG TFEER, 177025 mg/kgd
e, ORI & 2 250 T IEEFEEH, 48.24 mg/
kgl & 2 T HoAh 4H.(P<0.05), 4= 87K 23 KL 2K 4y

TR E 7R (P>0.05).
23 EARSEK X EEEANS S =N

B ST 30] %0, B & A RHEE AP 1 T, &
TR BEAMEE . . ERRFIE A AR S ER
Tt 1£381.65 mg/kgdH i =, H T35 5 148.24 mg/
kg#1(P<0.05), i b T _EFHEARL A N 2%, %41
(LA 4 2 E49.83—52.73 mg/kg H 2= AN T 2 .
IIRT S ALV BRI, BEERE . B HEE FILIA
DU S, DA AE 2 3 AN LB IR AR N B A
AT VRS A5t Bl TR AP T, 2
UURRRARE Ay B2 > I JE > A > B> i > LA
24 ARSKENRESET YIRS ENRM

B3 6 P11, BEAE T RHEE KCE I T e, S 4
o R B, £381.65 mg/kgdl i, HiE %
75 T 48.24—123.88 mg/kg#H (P<0.05); 4=t ik & &
T B %, E381.65 mg/kgll %, H & FMKT
48.24—123.88 mg/kgZH (P<0.05); 4= i ff & & 1 4
SR 2N TR FENBR, SafgiER
Je EFHE T RS, kR KT 5T 70.25 mg/kg
J&, AT R 3 R 5 (P<0.05).
25 ARSPKENRESEST IR ENEMN

1 7RI, BEE T RHEE A I T R, S M A

R3ARSEK T REEE KM REN (R EEHAREIR, 1=4)

Tab. 3 Effects of dietary zinc levels on growth performance of Monopterus albus (mean=SE, n=4)

Tk K ¥ Dietary zinc level (mg/kg)

T8 FRIndex
48.24 60.79 70.25 88.04 123.88 204.35 381.65
Y EIBW (g) 2320£0.01  23.15£0.06  23.1740.06  23.20£0.01  23.17£0.06  23.17£0.06  23.20+0.01
KIJEFBW (g) 41.20+0.69™"  43.03+0.82"  42.70+0.87°  40.55+0.05™"  40.03+1.08"  39.70£0.40"  37.23+0.90"
14 HHEWGR (%) 77.7743.06™  85.75+3.36'  84.20+3.74™  74.95:0.05™'  72.82+4.61°  71.37+1.93°  60.57+3.91'
5 52 K #SGR (%/d) 0.96+0.03"  1.03£0.03"  1.020.03  0.93£0.01™  0.91£0.04"  0.90£0.02°  0.79+0.04"
T kL R EFCR 1.16£0.04 1.18+0.03 1.19+0.04 1.22+0.03 1.23£0.05 1.22+0.05 1.250.11
1715 SR (%) 100.00+0.00°  100.00+0.00° 98.57+0.83°  97.86+0.71°  97.14x1.17°  97.20+1.17"  94.29+233"
90 r 1.05 ¢
y=0.0027x+0.8388
85 f y=0.3104x+64.023 ~ 1.00 } R>=0.6598
_ R*=0.6558 2
S 801 / = 095 |
& €]
S s |
= 7 @ 090 |
&t 7=-0.0687x+85.575 gr oy O
= R*=0.8328 B 08 '
65 f s
£ 080 |
60 - x=56.85 = x=56.79
0.75

0 50 100 150 200 250 300 350 400 450
Pk k *F-Dietary zinc level (mg/kg)

B 1R A SRR AT KR &
Fig. 1 Relationship between weight gain rate and dietary zinc
level

0 50 100 150 200 250 300 350 400 450
Talkhe¥k “F-Dietary zinc level (mg/kg)

2 R A KA SR AT K5 &

Fig. 2 Relationship between specific growth rate and dietary zinc

level
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BRI B, SR EA ETHE FRRES, 1
88.04 mg/kg A fi i, Wik = 148.24 mg/kgH(P<0.05);
BHEE & 82 % BT R ES, ks &
BTG TFEIES, B HEEH7E70.25 mg/kgl
A% H & 2 % T 48.24—60.79 mg/kg#H (P<0.05),
48.24—70.25 mg/kg HAMER S B E = T123.88—
381.65 mg/kgH (P<0.05); A HE 4 2 & 0 B B A1k
& DUEHEE B S EAEI bR, B R m
VA5 R B G £ 1 1 B 7R SR 981,01 mg/kg( 4).
2.6 AREEKIE XS REE I B A (L IRFRAY R

FH % SR, B A TR HEE /KSR v, 8 B L3
Bl A 28 IR il R 9 Bl 0 ) 25 BT R R
88.04 mg/kg 4 e H B35 7 T204.35—381.35 mg/kg
H(P<0.05); BN A MEE 2 TRE EARE
#, 381.65 mg/kgH i iy H 2 3% 7 1°48.24—70.25 mg/
kg2l (P<0.05); 45 5 %% 5 W G 5. 35 S 1 (P>0.05); ¥
R B /) 258 EFHE T RS, 60.79 mg/kg4l i
F T HA A (P<0.05) . DAL 6l 14 i R T 71 A
TEFR bR, I 4T 28 75 F2 [ V5 15 H S X e (138
FREN76.73 mg/kg(H 5).
3 iTig
3.1 AR RERA K BERY RN

BENAERKEE. FIRIRE., BB RSEHR
S 7, RS SN R A B & A%, RE AR
S PR, oA K R AR YRR
R Z B, LR VE X IF (Litopenaeus vannamei)' '3

PUNERIESE . VR 3R PEAR, miis A P f(Epi-
nephelus malabaricus)[mijﬂﬁifi?)az%\ BT FE,
BB FIAS 7K ST B L5 B R B2 PRSI 4 TRk
SR, SR BE )64 1 (Platichthys stellatus)' BT I
H B i S h BEIR, Kous BT 9t % 1, id Bk
S = ¥ 5] oK 1 B (Micropterus salmoides) it
AL AR RAE . FEASRIR 6 T, FRAH60d
Jii, IR 2H (48.24 mg/kg2H )bk A K 2% b A& H B A
S BEER ZREAR, T BE R R AR JEURE b B B AL
o, LA R S BN BRI 5 5K, 60.79—70.25 mg/kg
2 B i 1 R A MR 8 AR AR TR KPR
88.04 mg/kg i 1Y 5 AR E AL K E A BN R
T 76 FG 0 H 85 (Labeo rohita) I i EI JE 6
(Paramisgurnus dabryanus)[m] AT 78 Hh A 2R AL )
g5 3, 5 DS AT BE A TRDRE rh A e R B KPR B
XK BN 45 <5 s 76 3R IR, T L T R AL
b SEEEEA KIRZE . TELE8 (Lateolabrax macula-
tus)mﬂl TH 1 11 (Pelteobagrus fulvidraco)[lx] )BT 7
RIN, B R AR K AN oMt 2 B AR R RE,
F gt A i 2T D i A P S B A
AL, SR HLAR BB 403, 1 AT e 5 AN [A) £ 26
X B I 32 A2 A R
3.2 ARSEKENRESEEFRIHIFM
AR B 7Y 3 )1 2 R ER 2, A AADREE IR
KPS FRIARRSE . FRGEIA BN IR GE I () 55, e rp o]
L S 0 AR R 4 1 B R AHE R,
B TR T, e R E S R R %

x4 ARBEPKEXRESEEFRRSOEMTHEATER, r—=4)

Tab. 4 Effects of dietary zinc levels on nutrient composition of whole body of Monopterus albus (mean+SE, n=4)

sy 1A kMR K ¥ Dietary zinc levels (mg/kg)
Composition (%) 48.24 60.79 70.25 88.04 123.88 204.35 381.65
/K 4rMoisture 72.50£0.19  72.55+0.40  72.18+0.43  72.43+0.17  72.17+0.01  72.31+0.22  72.67+0.13
#H2 [F Crude protein 16.5940.15°  16.61£0.02°  17.13£0.03°  17.08+0.02°  16.53+0.01°  16.48+0.18"  16.61+0.08"
HLIE W7 Crude lipid 6.83+0.15°  6.67+0.05°  6.45:0.02°  6.39+0.06°  6.52£0.05"  6.55:0.04"  6.59+0.03"
H 2K 43 Crude ash 2.19+0.02 2.22+0.01 2.23+0.01 2.22+0.01 2.18+0.02 2.2240.02 2.2240.01
x5 ARSIKENARBEAFLENEZNTYR; LHESFER, 1=4)
Tab. 5 Effects of dietary zinc levels on tissue zinc content in Monopterus albus (dry matter; meantSE, n=4)
$ehiIndex 1A ¥}4% 7K F Dietary zinc level (mg/kg)
(mg/kg) 48.24 60.79 70.25 88.04 123.88 204.35 381.65
WL AIMuscle 5131£1.18"  51.35+1.17° 49.83+0.88"  50.02+0.57"  52.55+1.37°  52.73x0.01" 52.00+0.47"
HHEE Vertebra 34.8742.06°  41.03+328"  53.00+1.73" 59.36+2.34%  61.1843.24"  64.58+0.74° 66.93+4.15°
FFHELiver 23.7840.20°  24.49+1.03"  26.57+1.04" 24.47+1.16" 34.36£0.07" 34.94+1.04° 45.64+1.70°
B Bk Skin 21.89+0.43"  23.55+0.39"  25.96+1.21°  28.91+0.31° 39.6+1.24°  43.46£0.67° 51.75+2.38"
Ji% i Intestine 77.96£1.09°  81.99+2.82"  84.09+4.05" 85.69+2.71° 87.61+3.83°  95.55+£0.92°  100.98+1.89°
B BEKidney 3432+0.51° 3504126 37.14x0.73°  48.28+091°  48.97+155"  46.16+0.78" 54.3240.49°
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Fig. 3 Relationship between the relative content of zinc in the different tissues of Monopterus albus and dietary zinc level
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Tab. 6 Effects of dietary zinc level on mineral content in whole body of Monopterus albus (dry matter; mean+SE, n=4)
1a kL /K P Dietary zinc level (mg/k

HibfIndex (mg/kg) 48.24 60.79 70?5 = 8;]04 : 12gs.8gz); 20435 381.65
B Zn 3527+0.88"  41.8130.94°  44.42+021%  44.70+151% 46.28+0.97°  4820+1.73  51.18+0.51
#iFe 44.1740.75"  41.644220"  41.12+1.02%  41.34+1.34%  39.2241.09°  35.94+0.33"  33.37+0.89"
£iMn 11.5940.50°  11.13£0.85°  10.46£0.09®  9.86£0.34"  10.26£0.29™  10.45£0.31°  10.29£0.26™
HiCu 528+0.01°  4.78+0.05°  4.55+0.15" 4.26+0.22° 4.40+0.23" 4.29+0.03" 4.32+0.23"
BT % Znic RR (%) 58.98£1.01°  62.67+0.59°  62.15£1.80°  50.02+1.05°  38.18+1.83°  24.95:0.81°  13.92+1.20"

=7 ARSEKENRESEST MRS ENTN (EHEHREIR, r=4)
Tab. 7 Effects of dietary zinc level on bone mineral content in the vertebrae of Monopterus albus (meantSE, n=4)
B 1Ak} K F Dietary zine level (mg/kg)

Hb7index 48.24 60.79 70.25 88.04 123.88 20435 381.65
K45 Ash (%) 39.60+0.04°  39.74+0.16'  40.27+0.02°  40.87+0.15° 40.29+0.25"  39.64+0.15°  39.81+0.02°
H5Ca (%) 12.58+0.33"  12.8440.11°  13.22+£0.05°  13.52+0.23° 13.48+0.34° 13374025  13.3240.28"
P (%) 7.37+0.13" 7.46+0.06°  7.75+0.04% 7.82+0.02° 7.7540.07°  7.68+0.17%  7.53+0.13"
£27n (mg/kg) 34.8742.06°  41.03+328"  53.00:1.73°  59.36+234™  61.18£324%  64.58+0.74°  66.93+4.15°
#Fe (mg/kg) 126.96+2.84°  119.24+1.30°  112.29£1.29°  110.27+0.25°  106.1740.99"  106.24+1.15°  105.70+1.23°
£iMn (mg/kg) 121314022  114.76+3.08°  98.75+1.72"  102.32+4.06°  102.7440.55°  101.68+0.45"  104.29+1.13°
HiCu (mg/kg) 1.62+0.01 1.55+0.01 1.61+0.01 1.63+0.01 1.56+0.05 1.6120.11 1.55+0.01

70 B OEFVEE B0 R S, (H A PRI A AR A ANk
% 65t 275084 ﬁ;ﬁﬁ@%%o Zliﬁﬁﬁﬁ\%ﬁﬁ%iﬂﬁ%‘éwﬁﬁfﬂ%, X
mg 60 1 R=0.9059 E‘IHE%%'@%@;#%\FH %%ﬁ%?ﬁﬁﬁ%ﬁ, Eﬁiﬁ%
ag S BEIKV B T, B A AR S B AR R, iR
w3 0[] 0RSIesIsle i 1 TF, G R K P A £ 88.04 m/kg i 4 1L P 4%,
S ' DAL SR P B VP 4 3 47 2 0 7 [ U
cHg 154 EH B0 0 10365 L 7 R B 981,01 mg/kg A &
S 35t x=81.01 ey
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Fig. 4 Relationship between zinc content in vertebrae and dietary
zinc level
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TBZCAHN Zn-HMB = FftAS [&] 1) B 5, 0 HME B 8% & &
PIRE AR KT 22 FTHE PR %, Liang ™"
{E %L ft1 (Ctenopharyngodon idella) W HIF 5T W & L&
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BHEE KT 10 T 77, 48.24—88.04 mg/kgH AT I 4% &
s AN R E, 1L 88.04 mg/kgfn B FH T, XA B
TN 35 7K1 O ok 2 5 U R 1 A Qs S
FFUR P2 A A T R . Dyk &85 5% 905 B2 78 m ek
R, B 4E i (Oreochromis mossambicus) JIE 2 H
P B A AT 2 WA, I Bl o 2 B B A] ) AE K T N
H, BEEAME. SRS FEEThee, B2
i DSt g o 3 i (carassius auratus)'5 JEXTEE L
JREE LU 58, B A AR B IR &R A 7K I
T R A AR R K 48.24—70.25 mg/kg
I oRasE, 81d70.25 mg/kg 5T ETF, 381.65 mg/
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8 (ARSI AR EE LIBRAIR (A EAREIR, n=6)

Tab. 8 Effects of dietary zinc level on serum biochemical indexes of Monopterus albus (mean+SE, n=6)

T RLEE 7K P Dietary zinc levels (mg/kg)

Hprindex 48.24 60.79 70.25 88.04 123.88 20435 381.65
Bl P BERREALP (U/L) 8.62+027°  935£0.77°  9.92+0.87° 10.58+1.01°  9.63+0.89°  7.91+1.11°  7.50+0.10°
BHEEMGPT (U/L) 2.61£028" 2474046  2.70+£0.50°  2.96+0.52°  3.74+0.08"  3.67+0.55"  4.18+0.40"
B FHIGOT(U/L) 13.52+1.12 12.06+0.60 13.84+1.11  14.04+1.36  13.99+1.50  13.86+1.11  14.49+0.24
HEATP (gL) 68.16£1.44  66.55£0.49  67.16£0.78  68.54+0.82  66.26+1.37  67.68£0.86  68.68+1.72
F&HALB (g/L) 7724016 7754041 8.09£0.57%  8.60+0.40°  7.3240.26"  7.39+0.38"  6.68+0.27"
VA ELZM (ug/mL) 8.99+0.13°  10.13+0.15'  958+0.11°  879+021°  881+0.15°  8.52+0.15"  8.10+0.19°
11.0 A, Gk ner fa A AN E &L, £ rRkE K

g 10.5 | / %250332?63214 fik (Rha[iz]dia quelen)” FIEK W & 1 05 (Dicentrarchus

& 100 r e labrax) W R T LA 25 B, KA 8 W AR 1A R

3 o5t e e

9.0 | ;z;:—(()).;)é)gsiéx-%—lo.8564 3.4 ARSEKFEIREENEE LIS RER

8.5 ' ol 2 5t PR G A — 5 B N IR T — PR EAIG

§j2: : _ R A RN, 154 LU, 5
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Fig. 5 Relationship between serum alkaline phosphatase activity
and dietary zinc level
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DIETARY ZINC REQUIREMENT OF JUVENILE MONOPTERUS ALBUS

ZHOU Lei-Tao', HUANG Guang-Hua', ZHOU Qiu-Bai"*’, LIANG Li-Wen', HU Yun-Song', CHEN KAI-Wen',

.1,2,3

CHEN Xi-Huan', HUANG Hao', WANG Zi-Rui"*’, HUO Huan-Huan"** and WU Hong-Xiang'

(1. College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China; 2. Institute of Special
Fisheries, Jiangxi Agricultural University, Nanchang 330045, China; 3. Nanchang Key Laboratory of Nutritional
Physiology and Healthy Aquaculture of Characteristic Aquatic Organisms, Nanchang 330045, China)

Abstract: In order to determine the optimal feed zinc requirement for Monopterus albus, we formulated basic experi-
mental diets using fish meal and soybean meal as protein sources, and fish oil and soybean oil as fat sources. Seven
experimental diet groups were created by sequentially adding glycine zinc as the zinc source to the basic group, result-
ing in zinc concentrations of 0, 10, 20, 40, 80, 160, 320 mg/kg. Monopterus albus with an initial body weight of
(23.17+0.04) g were fed these diets for 60d, resulting in actual zinc contents of 48.24, 60.79, 70.25, 88.04, 123.88,
204.35, and 381.65 mg/kg dry matter, respectively. The zinc demand of Monopterus albus was comprehensively evalua-
ted by weight gain rate, specific growth rate, vertebral bone zinc content and serum alkaline phosphatase activity. The
results showed as follows: (1) The weight gain rate and specific growth rate initially increased and then decreased with
dietary zinc level. Survival rate exhibited a declining trend. The 60.79 and 70.25 mg/kg groups showed higher weight
gain and specific growth rates compared to other groups. The 381.65 mg/kg group had the lowest rates, significantly
lower than the 48.24 —70.25 mg/kg group. Based on gain rate and specific growth rate, the zinc demand for
Monopterus albus was 56.85 and 56.79 mg/kg, respectively. (2) With increasing dietary zinc level, whole fish crude
protein initially increased and then decreased, peaking in the 70.25 mg/kg group. Whole fish crude fat exhibited an
initial decrease followed by a slowdown, with the 48.24 mg/kg group significantly higher than others. Zinc content in
the whole body increased, and zinc deposition rate followed an initial increase and subsequent decrease. The content of
zinc in various tissues (vertebrae, liver, skin and kidney) increased significantly, with vertebrae zinc content peaking
before leveling off. Bone phosphorus and calcium content increased and then decreased. Considering zinc content in
vertebral bone, the zinc demand for Monopterus albus was 81.01 mg/kg. (3) With the increase of dietary zinc level,
Monopterus albus exhibited a pattern of initially increasing and subsequently decreasing serum alkaline phosphatase
activity and albumin content. The apex of these parameters was observed in the 88.04 mg/kg group, surpassing signifi-
cantly the range of 204.35—381.65 mg/kg. Utilizing serum alkaline phosphatase activity as the evaluation index, the
zinc demand of Monopterus albus juveniles was determined to be 76.73 mg/kg. Lysozyme activity demonstrated an
initial rise followed by a decline, with the 60.79 mg/kg group exhibiting a marked superiority over the other groups.
The serum alanine aminotransferase activity in the 381.65 mg/kg group reached the highest levels, significantly higher
than that in the 48.24—70.25 mg/kg group. In conclusion, considering the effects of dietary zinc levels on growth
performance, nutrient composition, tissue znic deposition, and serum biochemical indexes of Monopterus albus, the
appropriate zinc demand in the diet ranges from 56.79 to 81.01 mg/kg. Additionally, the skin, spine, and liver of
Monopterus albus exhibit higher susceptibility to zinc deposition than muscle.

Key words: Growth performance; Zinc; Tissue zinc deposition; Biochemical indicato; Monopterus albus
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