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TR AL A~ [5] BE B 0 RS B Bk 2 X 20 8% 8 A K 4 BE
1 7 2 AL FE AR AN B AR 4 AL M AR RS

Ry Hean' Fae' HEE' Fhm' ¥ A
(1. WEHRIERFWFRHHE B N5 @i 028000;
2. WEHRBERFEMB# S5 &M% NFEH @iL 028000)

TEE  ARL g AR AR BB A0 s B KT X 48 85 4 (Brachymystax lenok) & K M fE . fLiF
AR AR A AT RS A B . R 2x3 W & L8k 0, BH 2 AN A K-F(180 F1 220 g/kg)
A0 3 A Jlg i B AKCF(0, 2500 Fr 5000 U/kg) iy 6 A s2 5047 8, B C-0, C-2500, C-5000 1 H-0, H-2500,
H-5000, $kik 270 RATIEIRE 4 (7.34+0.16) g Wy ¥ e, Ml K 6 N4, BU3INEL, HANE
1S R#, SUAEK® pHHR 6 AR EIAR, K763 d, £RET, TR &EME
Ji7 B KT X AR R E AR R EE A (P<0.01), T3 & £ (WGR)f4F & & K F(SGR)F &
B E W2 B AR FI(P<0.05), feRi 5 e BB — & Atk oy £ Kb ae = £ %, Hob, B — BB ACE,
#RE, WGR 1 SGR # LA C-5000 41 % & . H-0, H-2500. H-5000 41 fn ik # ty 4 7 % & 8 (ALT)
A HMEF C-0, C-2500, C-5000 41, *#, H-0, H-5000 5§ C-0. C-5000 417 %& £ % % % (P<0.05);
H-0. H-2500, H-5000 41 &7 {i % & fg & & BB [ B (LDL-C) % %l & T C-0. C-2500, C-5000 41, H &,
H-0, H-2500 5§ C-0, C-2500 417 & § % 2 #(P<0.05), M % fs M8 K78, AERE & A Bt Ikt
B (GPX) A T2 5, ELAE F JE AT B ATt 220 g/kg 41 GPX & T 180 g/kg 41, % LRk, #f&
B AKFy 183.7 glkg . g B B A A&y 5000 U/kg B, ¥ LLUA B % & sk e 4 8 9 A KA A e o
KB e SNRIEHEE; A KM, WF A IR AN R

FESES S963  XEFERREE A 0 XEHRS  2095-9869(2023)01-0115-10

Bt K = IR P K R, FR e . H
HRLE 5 AN S () UK , s R 0 fa 2R R B ot B
DURL R B G2t b 22 (R VL R 4%, 2006), A AT
bR ZAS 0122 fife 2B P S5 D e B 1) B, 48 g s 7K
IFIE M BRAREE UK 21T 22 A 80— ik o g i
VBN BT e S b, ARk o 8 J3E 4 1 B i AS (LB
WAEAR, &0 ARSI AR s s

45, 2015) B0 7T 2 B, 415 i (Brachymystax |enok)
Y (B EZ) 0.54 X ARHIEIIE A KE N 173.8~
195.0 g/kg (Chang et al, 2018), F1 T iig i 75 =R A
AE 7732 B AR B R BRI, R4 B v BRIk 2 5 i
J I AR B A R SR A TR BT e, ™ B R T S
FRECREILAE, 2007). JRDEG7E NG B AR b A 24
L AR —K S EA R A B — P, KR
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5 I JT A 28] ) 7= (B 3l 0 i 7 R ) RE A% A ) 4 1k i
g, TG T T A K (R ASE, 2013), (I,
TGP S 0 i 107 T s R A AT G Y A A AR AR
i i ik St el 3 sh i 2B KPR RE AN A FRAR ST, E A XS N
B B BARGF i A GE B AE, 2013; m BLLAE,
2016; FZHERE, 2017), fEfIP R HWARZ, W
WPRHRS I 1 g/kg WO AR D7 AT LA 44 s i £6 (Cyprinus
carpio) (A . FalRl A A 28 1 B B8 22 48 (Monier,
2020). 7E = AR IR A 11 4 & v, %41 (Ctenopharyngodon

idella) A NIRRT+ FE KPR 1193 U/kg (Liu et al,

2016). TEFE RN I 300 mg/kg A5 Wl , FLIGEE &
1 (Pelteobagrus vachelli) 1% fif g i il 1 M i e (3 4 2
4, 2010) . 7EREE F1 5T B D5 AR 78 in 100, 200,
400 F1 800 mg/kg Ag Wi, SHXTMAMHLIL, fEbf
(Lateolabrax maculatus) i #H fig fifi A5 43 g 17 132 ¢ WL
THIER TR, R LIRS A L — B FREE LR, HLAST
FAbRE SR (E E R4S, 2017), ZENR T /KK 100 g/kg
B ARSI 0.3 g/kg 1A RS B T TT DL ARE o A O
(Silurus meridionalis) g g 17 i 15 7, £ &5 B 5 i 4k
R, CE BRI ZR A (R 5, 2010), SRTTTTEY:
IKPEIR K #0288 TRt 58 vh i G iR o Il fe 2 —Fh 3R
] P i YA 7K M 24 IR £ 28 2 TR B TR YT
B, i A KKIRVERE 18~20CF3C4 4, 2021),
HATIEE ma s il . B RMERFRANE . A
9 5 TE 7R A (5] i D iRk v a8 0 A 8] K F- 14 g
it , I B T e A 0 AR5 R A VR T, X o B AR
38T A 200 5 f: 3 AT B T AR TR A, IS XS
o s e A MR BE L I A Ak S bR AT I AR 1 52
Mel, Sk B 0 TG A 240 5 &y £ 6 ) ek v ) 7 P B R
2%,

1 W57
1.1 SKIEE

el 6 Fhacadialil, HFURH R B S 7K L3R 1
(W 7REF, 2017) TPRHERHZ A IR G 12 80 H 4r 40,
ek 1 I LIRS ERRE, R4 5] o SR FHRUR T35 I
HL(DS32- TN A, T B FE15 MLIRAT BR 2> 5] K AaDR SR N
THREAZ N 2.0 mm SR, BB 1073 2 180 g/kg
BIEEE, HAIWT R 0.5~1.0 cm, 55 B AR
B I& BiEE] 220 g/kg, 65°CHET 24 h, HHET
—20°C VKA & -

1.2 FEEE
S 6 £ ) 1] B YR I ) 2 £ R B S 3

A BRAT, FRIESELI T = WG K IR0 & e vh it
1o Bk 14 dJ5, Phik 270 RBIEEE . FHIAEREY
9(7.34+0.16) g ML fa, BEAL /T BC B AR 529 164 L
FIFRFEAR S . BEALT N 6 4L, B4 3 AEE, B4
FE 15 B, A 6 FORE RS IR, SR
63 do RAFRMMLE R, BRBME 2 ¥ (08:30 FI
18:00). $EMELE W 0.5 h J5 e /K -1 B2 8 FIaR T
YAoK R SR ER) 1/3, FRFEBIEKIE N 11~18C,
pH K 7.7~7.9,

1.3 HREE

FIH LIRSS G, LR MAEE 24 h, FRE, idx
RE MR, AR E KYERERE AR, FENEEANFR0E
T BEPLIEE 6 FEfh, JFREE(MS-222))5 76815 & Nl
FH 2 mL {39 48 R A R KL, 5 2 h 5 3500 r/min
B0 15 min, B JZ 007 7325 5 A 80 °C VKA PR AT,
T Hr v A=Ak de b o T 22 )5 19 TR 45 5 )
I, S RIFRE, 405 5 A RIS IR A7 FE-80°C UK
FAHF oM BB S AL PERE , $EEUR LD HR R
FEIAT B 53T

1.4 HEHENE

TpRHR A LA K 43 & B2 oR FH 105°C T4k MR
F BT 5 R LG E BUE s DR 1D & &R T &R
PRI 5 £ JUL RLRELI M7 5 o R FH 0 — Y I Uik
(Folch #%); MK &k H 550°CHRHEL, HARN
ETTES IR CRB B S ) (B A, 2020), i
5 AE A48 b5 B IS A A 6 A5 38 i g st el A= T
TR 5T BT 2
15 HEAKX

B % (survival rate, SR, %)=2¢K & E0/H) i
EE%r=x100

34 85 % (weight gain rate, WGR, %)=(CK #H 4] )/
K X100

FERE A2 K % (specific growth rate, SGR, %/d)=(In K
H-In BIE)/ SR K E =100

JELi#5 £ (condition factor, CF)={AH/f& K *x100

1.6 HBESZITHAT

SRR A ] Excel 2010 235, SR SAS 9.1
AP GLM 2P HE AT W F 5 2% 5 BT (two-way
ANOVA), A5 3 2800 A3 45 fis 195 R0 R 17 g A S — 38 2
BB HEAEH . P<0.01 225 K, P<0.05
h 25 B EKTF
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2 R 122 3 AN, IR B 7 7 s 0 A /K ST 24

fie: JIL PR P REL AR 5 L AL I RO O3 A AR ik 25 A A8

21 RARPARIRHMAEGEAFSMBEEERE 5 (P<0.01), T X ILA K 40 R 77 76 58 5 AR
REF e 22 AL Y (P>0.05), 220 g/kg 41t 180 g/kg 4IRS G RAE,

2 2 W, AR IR B o ik R 7t A7 344 e, H-0 5 C-0 4UfF7E 45 2253 (P<0.05). A

e IR T AN B A HAEI(P<0.01); % WGR f1 MBI E AT, H-0. H-2500, H-5000 Z1A9H]
SGR 115 B B A B AEFI(P<0.05), Jor, [W—pgls  EHBBILT C-0. C-2500. C-5000 41, Hrr,

K, falkdE . WGR Fl SGR L) C-5000 41fkws; — H-0 5 C-0 AAF{ERFE IR (P<0.05). MIKAE NG HE

%t SR Fl CF ANAETE 52 1948 B AR (P>0.05). IR AT, H-0. H-2500. H-5000 41 #HLIE I

&1 EEEAMEARKREFRKF( % TR

Tab.1 Composition and nutrient levels of basal diets (% dry matter)

g5 180 g/kg 40 Lipid 180 g/kg group g7 220 g/kg 40 Lipid 220 g/kg group

i H Items

C-0 C-2500 C-5000 H-0 H-2500 H-5000
a4 Fish meal 32.00 32.00 32.00 32.00 32.00 32.00
T H] Soybean meal 16.00 16.00 16.00 16.00 16.00 16.00
T kFEEH Corn gluten meal 6.00 6.00 6.00 6.00 6.00 6.00
HA I Gelatin 6.00 6.00 6.00 6.00 6.00 6.00
fi% 2 11 Casein 6.00 6.00 6.00 6.00 6.00 6.00
T % Wheat flour 6.00 6.00 6.00 6.00 6.00 6.00
a3 Fish oil 6.00 6.00 6.00 8.00 8.00 8.00
AV JFR 3 Rapeseed oil 5.00 5.00 5.00 6.00 6.00 6.00
T3 Soya-bean oil 5.00 5.00 5.00 6.00 6.00 6.00
4 R HUR K Vitamin premix | 1.50 1.50 1.50 1.50 1.50 1.50
WY WR ¥ Mineral premix 1.50 1.50 1.50 1.50 1.50 1.50
Wil — 445 Ca(H,PO3), 1.00 1.00 1.00 1.00 1.00 1.00
WS 4EZ Cellulose 8.00 8.00 8.00 4.00 4.00 4.00
411 Total 100.00 100.00 100.00 100.00 100.00 100.00
& i i Lipase /(U/kg) > 0 2500 5000 0 2500 5000
B 77K Nutrient levels *
7K 4> Moisture 2.95 2.82 2.73 2.67 2.39 1.89
HIZE i Crude protein 45.44 45.08 44.57 45.18 45.46 46.42
MBI Crude fat 18.43 18.49 18.37 22.57 22.46 22.51
K5 Ash 12.87 11.36 12.19 12.39 11.50 10.20

o1 4R RPURRE AT S ARHR . v, ZBREE 500 000 TU, 4423 D; 150 000 1U, dl-a-/E B RS 4 g, WAL
SUMBENE 250 0.5 ¢, fHARHIIG 0.5 g, HZPE 0.8 g, ERIRMLISEY 0.6 ¢, AN 0.002 g, D-IZFRES 2 g, MAMENE 3 g, MR 0.17
g, DR 0.005 g, L-HUIRIMAR-2-WEIRIH 10 g, WIFE 10 go WA T B3R R MR AIRA R, 2. § Y BiR Ry & T 5
TABHREAL . BREREE 15 g, BMRIEER 12 g, MMREE 6 g, WilR%L 3 g, HRBRHT 0.4 g, AL 0.05 g, WANEREN 0.01 g, FLAERES 0.1 g
W T8 B E AR R A . 3. NRTREN T B B A MR A BRA /IR RIIR DTG, BEG R 8 J1 Ulg. 4: EFK
SERSEE . C-0, C-2500, C-5000 Al H-0, H-2500, H-5000 #4332~ AgHiRE/KFE4 0. 2500 il 5000 Ukg B4, FIRl.

Note: 1: The vitamin premix provides the following per kg of the diet: V, menthyl acetate 500 000 IU, Vp; 150 000 IU,
DL-a-tocopheryl acetate 4 g, menadione nicotinamide bisulfite 0.5 g, thiamine nitrate 0.5 g, riboflavin 0.8 g, Vs 0.6 g, VB1,0.002 g,
D-calcium pantothenate 2 g, nicotinamide 3 g, folic acid 0.17 g, d-biotin 0.005 g, sodium L-ascorbyl-2-phosphate 10 g, inositol 10 g.
Purchased from Qingdao Master Biotechnology Co., Ltd. 2: The mineral premix provides the following per kg of the diet: Magnesium
sulphate 15 g, ferrous sulfate 12 g, zinc sulphate 6 g, manganese sulphate 3 g, cupric sulfate 0.4 g, cobaltous chloride 0.05 g, sodium
selenite 0.01 g, calcium diiodate 0.1 g. Purchased from Qingdao Master Biotechnology Co., Ltd. 3: Lipase was purchased from Weifang

Kandeen Biotechnology Co., Ltd. for feed lipase, and the enzyme activity was 80 000 U/g. 4: Nutrient levels were measured values.
C-0, C-2500, C-5000 and H-0, H-2500, H-5000 represent lipase level is 0, 2500, and 5000 U/kg, respectively, the same as below.
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SR ERE T C-0. C-2500, C-5000 £H(P<0.05).

2.2 {A# R AN [ BE A 0 A B Bl k T X 48 &% & 1M
&=tk )

M1 4 R, ARG S 5 0 R s 6 7K SF- X8

F 2 (AR A E A R F0 S B B K T X 20 8 i A K 1k

ALT ., #3556 (AST)FIH il = BE A7 7E W 8 35 1032
HAEH(P<0.01); XAEF . BAHEE . LDL-C filF
% Jir |8 7 110 [ B2 (HDL-C) A7 76 i 2 1 28 B.4F
(P<0.05), XJw#i%bE . AEANEELHAE- (P>
0.05). Fifiz5 Bg Wime A &2 a97H&, H-0. H-2500.

9% M

Tab.2 Effect of different fat and lipase levels in feed on the growth performance of B. lenok

SiH .H'E’?HE 180 g/kg 4H _Egﬂﬁ 220 g/kg 4 P {§ P-value
ltems Lipid 180 g/kg group Lipid 220 g/kg group SEM =3 SRR S < I8 DB
C-0 C-2500 C-5000 H-0 H-2500 H-5000 Fat Lipase FatxLipase

WGk E IABW/g  7.41 7.19 737 743 7.48 7.19  0.07 0.21 0.55 0.26
KRR TE FABW/g 19.17°  18.30° 2077 20.15° 18.52° 18.24° 0.4 0.01 <0.01 <0.01
WA WGR/% 117.65° 119.12° 142.79° 122.17° 122.96° 118.11° 4.90 0.05 0.01 0.01
e L KR SGRA%/d)  1.59%°  1.56% 1.73%  1.67°  1.51°  1.56™ 0.03 0.04 0.01 0.01
A # SR/Y% 84° 86 86% 82° 90° 86™ 1.05 0.71 1.00 0.55
NS CF 129°  1.36° 124 133 134%™  131*° 0.0l 1.00 0.30 0.53

T AT EEE A NG 5B ERRRoR 225 B35 (P<0.05), AR 8O0 B8R 22532 A B35 (P>0.05). T,
Note: Different lowercase superscript letters in the same row represented significant difference (P<0.05), and the same letter
or no letters represented insignificant difference (P>0.05). The same as below.

£ 3 AR R ERE R F0BE R R sk T X £ 85 i AL P9 44 22 B B B2 T (% T IR
Tab.3 Effects of dietary lipid and lipase levels on muscle body composition of B. lenok (dry matter, %)
5 B 180 g/kg 41 NE MG 220 g/kg #H P {f P-value
Ittms Lipid 180 g/kg group Lipid 220 g/kg group SEM i & iy it & 15 < IS 7 i
C-0  C-2500 C-5000 H-0  H-2500 H-5000 Fat Lipase FatxLipase
KAy Moisture  74.66°  73.51°  73.45° 7328  7331°  73.05° 027 0.01 0.05 0.11
HLE R ) 70.38°  62.66°  65.05°  61.41°  61.89°°  65.03> 0.26 <0.01  <0.01 <0.01
Crude protein
) =Y
MU 17.23°  13.85° 17.39°  21.63* 21.62°  20.84° 023 <0.01  <0.01 <0.01
Crude fat
HLIK 43 Ash 11.54° 931°  13.28° 6.66° 9.59° 12.75° 054 <0.01  <0.01 <0.01
x4 AR RE RGN AE B BE sk T x40 8 i 1 57 A L S AR AV B
Tab.4 Effects of dietary lipid and lipase levels on serum biochemical indices of B. lenok
SH B 180 g/kg 41 EMi 220 g/kg 21 P {f P-value
Itje;ms Lipid 180 g/kg group Lipid 220 g/kg group SEM Bl BT ST < T
C-0  C-2500 C-5000 H-0 H-2500 H-5000 Fat  Lipase FatxLipase
%8 GLU/(mmol/L)  7.20 737 787  17.53 836  8.51 0.35 0.04 0.15 0.40
A NEESE M ALT/(U/L) 21.85° 10.91° 15.45° 827°  9.67° 11.02° 0.87 <0.01 <0.01 <0.01
A EEEZ B AST/(U/L) 48.79° 35.69° 41.51° 37.57° 41.5°  44.78°  0.96 038  <0.01 <0.01
M TP/(g/L) 4429% 4543 38.77° 43.01%° 47.23° 49.94*  1.60 0.01 0.26 0.01
7% ALB/(g/L) 23.26° 1991  19.58* 22.08° 23.08° 23.59° 1.16 0.06 0.55 0.10
MHE R TC/(mmol/L)  6.93° 8.72%  7.66® 8.61" 8.07® 9.10° 0.42 0.04 0.28 0.03
Hh =M TG/(mmol/L)  3.96° 5774 7.61°  6.77° 1021°  6.70° 020  <0.01  <0.01 <0.01
REERECMEEE 337 4.17°  3.94° 456>  594°  430° 017 <0.01 <0.01 0.01
LDL-C/(mmol/L)
AR E L EE R 227 224% 178 226" 247 276 0.14  <0.01 0.76 0.01

HDL-C/(mmol/L)
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H-5000 2H /#5855 % & T C-0. C-2500, C-5000
4H; H-0. H-2500. H-5000 ZH1Y ALT 43 %K T C-0.
C-2500,C-5000 41 , H:+#, H-0 . H-5000 5 C-0.C-5000
HAFAE B 2% 5 (P<0.05); H-0. H-2500. H-5000 4
f) LDL-C 43 %7 F C-0. C-2500, C-5000 41, H:,
H-0 . H-2500 5 C-0. C-2500 477 1E & & % 7
(P<0.05), H-0 41ff) AST . #{KT C-0 41(P<0.05),
H-2500. H-5000 4114 &8 A & H s T C-2500.
H-5000 41, H H-5000 41/ S8 H5 C-5000 47717
13 2% 5 (P<0.05), 180 g/kg 4H r Fiti 5 g i 1t 7 o 541
TR, Hh =R W P = (P<0.05).

2.3 {A# AN [ BE A 0 S A Bl 7k T X 48 &% & BT Bl BT
SRR

H 2% 5 R, ANIEI NG I kR0 07 A 2K P X 79—
1 (MDA)Fl it B AL A B (CAT)IE HFETEN B A2 H.
EF(P<0.01), X% L4k B (SOD)TE 1 4775 ik
FAE HAE(P<0.05), %} GPX ANELEAS HAE (P>
0.05). Fifi & A 7 Tt 5 i 350 12 09 T &, 180 1 220 g/kg
HAY GPX ¥4 5, H H-0,H-2500, H-5000 £ ) GPX
SAE T C-0. C-2500, C-5000 4., FitiZs g iR N5
HOTHE, 180 g/kg ZHIY MDA &4 FITFAAR , 220 g/kg
ZH 1) MDA il CAT £ i F+%, H-0. H-2500. H-5000
HEYy SOD 4l LT C-0, C-2500, C-5000 4H
(P<0.05).

3 it
3.1 4R} IR [E B B AN A B B K S X 40 %tk A K M
BEFNA 48 R B2 I
i W5 2 3 0 A Hr A A T B 4 AR IR T, S0
bR AT IR B SR A Akl b B D A R R
ZHLFWYER, B SR R

(KBRS 2011), IREBELEQOIIITE LI, BEE BT
K-S, Ak LA BRI & bz fg s . Li 45
(2018 5E A B, FEARIRE b s A sy LU 481 ) Bl 7 7T e
MRAE R IFHE A IE TR B R D7 & i, X S AE R4S R —
B, FIEAGAF(2020)F 5T KB, I M = B T K - e
A4 22 7 il (Tungtingking crucian carp)%h il DAk S
AR AR R R . I Qo1) AR kK B, R
(Elopichthys bambusa) 9 fi i& 17 KL g i & & &
77.1 glkg, ik SRR & o A K 8, IF R A
NEMFICIH S8 . M ARQOI)IFFE 2, T kIR I 7K
S B AT 41 fif1 (Ancherythroculter  nigrocauda) it A=
KA 520 o A 07 T SRR — B H Vi e K Al , 2
AT DA E A SN i G 1S g R Jig s 1 g — 28
SR RGN A o 3 PN TR R 195 AN 2 RN 1D AN )
THAL, AT LLE A 7 m AR AR 7 il o s 12 2 sh A
K (RIS, 2014), Monier (2020)F1 Liu %5 (2016)#F5¢
RIR, AETER S I AR g I Tl AT LA e il e R £
Ay A R RE R R o 28 LTI, AR AR
T 2RI 7 TG ST S50 0T fa 1 A K B AR 2 AR A
S, B QnAey 5 0w A] B8 By TR K O AN R A
JIANE] o AR5 DA A0 ik A= VR A BT R T, Al
MR K- 183.7 g/kg, 5 ATIAIE S 1 200 8 et 40y £
4R —2, NRNTEEAS N 5000 U/kg.

3.2 {A#H A [E RS A F0 A B B vk o 48 & &3 1M 75 A
ARHREY 200

F S E B | R DG PRI 9 34 17 AR 0 4 g ik
ML A2 Bl bRk S B (R, 2014) . LB 4 B U]
AE S WAL AR A . P9 o3 I LR TN 4 B 41 2140 IR 2
GRITMB4E, 2002), Chatzifotis 25(2010)iA N, ik}
N AP AN 52w £ S A pE O R . ABESEH, R
ISR Wi, 220 g/kg 4L HIZIBE S 5 180 g/kg
AR, AIIERTE S, 220 g/ke AR AR & T

&5 (AR A E RS R F0 BE B B K T X 40 8 i BT AR 1 | FE AR B R

Tab.5 Effects of dietary lipid and lipase levels on liver antioxidant indices of B. lenok

H BENT 180 g/kg 4 JE MG 220 g/kg #H P {d P-value
ltJe\mS Lipid 180 g/kg group Lipid 220 g/kg group SEM  pew;  RelimE  Rel<HE b
C-0 C-2500 C-5000 H-0  H-2500 H-5000 Fat Lipase  FatxLipase
AW kS E ALY LS h 17.80° 20.31% 23.14® 18.75° 25.15° 2626 0.97 <0.01 <0.01 0.18
GPX activity/(U/mg prot)
— PO =N

P RE P ik MDA 0.57° 025 022° 017" 041* 052 004 059  0.55 <0.01
content/(nmol/mg pot)
i EAL AT S 59.49°  40.19° 43.75% 49.21°% 53.16° 66.93° 191 <0.01 <0.01 <0.01
CAT activity/(U/mg prot)
HEACYE AL S S 931.46° 945.89° 864.32° 772.66° 846.16° 728.85¢ 8.70 <0.01 <0.01 0.02

SOD activity/(U/mg prot)
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180 g/kg 41, i %5 0 2 12 =0 %) S DX AT g2 g i Bl e
M) AR I R B A — e B R AR HR
AR 15 R R KO RSl G B 5 T A R L
R At A f FER L (B PRZE, 2009), 1 M WL 1 )5k
B2z —MAER, B LUERHS, RAEY mRr 3
175 R A I3k 20 -, AT 2 ) £ AR Y B0 7E BB

(IR SHESE, 2012). ASEEGAEAS AR TBGET, 220 g/kg
HEREAMAE AT 180 g/kg 41, VAR A IS
9 2 ) T v, LA R V8 5 T B8 R 8 1 5 A IR I B
T T . ERMsRGS , 220 g/kg M EEA
MR AL 180 g/kg A1, Ui FA AR I BE AT LA SGE L
PR 35 B B W e g o T e A = e B
SRR M IR D, — 2 A 90T w5 2 G i e 32
() LA A (2R LT B 45, 2010), ABFSEH, 220 g/kg 41
14 Ao L] S H Vi =R K 24 Lk 180 g/kg A2, 1
AH it 5 i 0 KT (4 T v, A R T TR 9 = 7 . A
P MBEE NG T RER a0 [ EE A H 90 = FR A
ARG i Bl AT rh oA B R B, Ul B R U i T LA el s g
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Effects of Dietary Lipid and Lipase Levels on Growth Performance, Serum
Biochemical Indices, and Liver Antioxidant Activity of Brachymystax lenok

WU Zhixuan', CHEN Zhongling', YU Jianhua', HU Zongfu', NIU Huaxin', CHANG Jie*"

(1. College of Animal Science and Technology, Inner Mongolia University for Nationalities, Tongliao, Inner Mongolia 028000, China;
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Abstract With the increasing demand for marine fish and cold-water predatory fish, to ensure its
scale and industrialization in the process of breeding and to provide safe, high-quality, and healthy aquatic
animal food for the society, the quality requirements of aquatic compound feed in the industry are
increasing. Among the three nutrients, predatory fish have a poor ability to use sugar. Protein is the most
expensive raw material, and the final product of its metabolism is ammonia, which can lead to the
deterioration of water quality. Fat provides energy for fish growth, and essential fatty acids promotes the
absorption of fat-soluble vitamins, and promotes protein deposition and utilization as a non-protein energy
substance. Therefore, increasing the oil content in predatory fish feed and reducing the use of protein as
energy can save feed protein and increase economic benefit. Different fish have different responses to
nutrients and energy in feed. The fat metabolism of cultured fish has a certain species-specificity. It is
generally believed that cold-water fish have a higher dietary fat requirement. The fat requirement of
juvenile salmonids is 20%~30%, much higher than that of warm water fish. As a cold-water fish,
Brachymystax lenok has successfully evolved key genotypic or phenotypic traits to adapt to growing at
low temperatures, with fat requirements in the range of 17%~19%, slightly below the recommended fat
requirements for regular Salmonidae fish.

The high-fat feed has been widely used in carnivorous cold-water fish. As physiological conditions
limit the demand and utilization capacity of fat, long-term intake of high-fat feed will easily cause fat
metabolism disorder and meat quality decline during the breeding period, which seriously affects the
health and quality of fish. Nutritional regulation of fat metabolism has become feasible means to reduce
body fat deposition and improve meat quality. Therefore, it is particularly urgent to elucidate the fat
metabolism mechanism and nutrition regulation of predatory fish. Lipase plays an essential role in lipid
metabolism. As an enzyme with affinity at the oil-water interface, glycerol and fatty acids obtained after
lipid hydrolysis can provide energy for the animal body and be utilized for its growth. Therefore, adding
lipase in feed to regulate body fat nutrition has garnered considerable attention. Exogenous lipase has
been well used in broilers and pigs to improve growth performance and physiological metabolism. It is
also widely used in fish. However, it is rarely reported in the studies on cold water and freshwater fish
nutrition. B. lenok is a rare and cold-water fish found in clear rivers and streams in China. The optimum
temperature range for its growth is 18~20°C, and it has very high economic, edible, and research value.

This study aims to, through adding different levels of lipase in different fat feed, use lipase in fat
metabolism under the effect of high-fat feedstuff stress B. lenok to fat metabolism regulation, nutrition
research on B. lenok growth performance, serum biochemical indices, and liver antioxidant effect, for

lipase in B. lenok feeds for young fish provide a reference for the application. In this experiment, a 2 X 3
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two-factor experimental design was used to prepare six experimental diets with two lipid levels (180 and
220 g/kg) and three lipase levels (0, 2500, and 5000 U/kg): C-0, C-2500, C-5000 and H-0, H-2500,
H-5000. A total of 270 B. lenok with an initial body weight of (7.34+0.16) g were randomly divided into
six groups with three replicates and 15 fish per replicate. Fish in each group were fed six different
experimental diets for 63 days. The results show that different fat content and lipase level had extremely
significant interaction on average body weight (P<0.01) and significant interaction on weight gain rate
and specific growth rate (P<0.05). Both fat and lipase had an impact on the growth performance of the
body. The body weight, weight gain rate, and specific growth rate of fish in the C-5000 group were the
highest. Serum alanine aminotransferase (ALT) levels in H-0, H-2500, and H-5000 groups were lower
than those in C-0, C-2500, and C-5000 groups, respectively. There were significant differences between
H-0 and H-5000 groups and those in C-0 and C-5000 groups (P<0.05). The low-density lipoprotein
cholesterol (LDL-C) in H-0, H-2500, and H-5000 groups was higher than in C-0, C-2500, and C-5000
groups, respectively. There was a significant difference between H-0 and H-2500 groups, and the C-0 and
C-2500 groups (P<0.05). With the increase of lipase level, liver glutathione peroxidase (GPX) level
increased. The GPX of the 220 g/kg group with the same lipase level was higher than that of the 180 g/kg
group. In conclusion, the growth and antioxidant performance of juvenile B. lenok can be significantly
improved at a lipid level of 183.7 g/kg, and the lipase level of 5000 U/kg.

Key words Brachymystax lenok; Exogenous lipase; Growth performance; Serum biochemical indices;
Liver antioxidant activity



