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FARILAST A AL RE ST A R .

[REiR] SHARM Bk M E AN DPL00; Bt AL AE
[(hESZES] S963.3275 [XHfrEB] A [xEHE] 1671-9387(2019)09-0001-07

Effects of partial replacement of fish meal with feather meal on
growth and antioxidant ability of Carassius auratus gibeilo

CHEN Xiumei', TAO Qingyan®,PENG Sibo',LI Ruoming', AN Chenxia',

QIAN Aidong', WANG Guiqin' ,ZHANG Dongming'

(1 College of Animal Science and Technology .Key Laboratory for Animal Production , Product Quality and Safety of

Ministry of Education, Jilin Provincial Key Laboratory of Animal Nutrition and Feed Science ,Jilin Agricultural University ,

Changchun, Jilin 130118,China ;2 Nowus International Trade (Shanghai) Co. .Ltd.Shanghai 200080 ,China)

Abstract: [Objective] This study explored the effects of partial replacement of fish meal with feather

meal and keratinase DP100 (DP100) supplement in diets on growth and antioxidant ability of Carassius au-

ratus gibeilo. [Method]) Seven diets were formulated as followed: group [ (control group) was designed

with fish meal as protein sources (317. 9 g/kg protein level) ,groups [[ — V[ had partial replacement of 10 %

fish meal protein with feather meal protein,and groups [ — VI contained four essential amino acids that
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were relatively lacking in group [ at DP100 levels of 0,100,200,300,and 400 mg/kg., respectively. Based
on the initial body weight,finally body weight (FBW) and feed intake,the body weight gain rate (BWG),
specific growth rate (SGR),feed efficiency (FER) and protein efficiency (PER) were calculated after 83
days. Then hepatopancreas and intestine were dissected to measure activities of digestive enzymes (prote-
ase,lipase and amylase) and antioxidant indexes (activities of SOD,CAT,GSH-Px and content of MDA).
[Result] FBW,BWG,SGR,FER,PER.and protease, lipase,amylase, SOD, CAT and GSH-Px activities of
hepatopancreas and intestine in groups [ and [[[ of Carassius auratus gibeilo were significantly lower than
those in group | (P<C0. 05),while MDA contents were significantly higher than that in | group (P<C
0.05). Among the DP100 supplemented groups,intestine SOD activity and hepatopancreas CAT activity of
group [V had no significant difference in comparison to group [ , MDA contents were significantly higher
than that in | group (P<C0. 05),and the rest indexes were significantly lower than those in | group (P<C
0. 05). All the indexes in groups V . VI and V[ had no significant difference with group ] except intestine
protease activity of group V[ was significantly lower than that in group | (P <C0. 05). [Conclusion]
Growth,feed utilization and antioxidant ability of Carassius auratus gibeilo were not affected by supple-

menting 200—400 mg/kg DP100 in diet when 10% fish meal protein was replaced by feather meal protein.
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Table 1 Feed omposition and nutrient levels
i H Item 843 Component I il ik v V W VI
il /(g + kg 1) Fish meal 192.8 420.0 420.0 420.0 420.0 420.0 420.0
PIEH /(g - kg ') Feather meal 0.0 40.0 10. 0 40.0 40.0 40.0 40.0
HREIR/ (g kg ') Thr 0.0 0.0 1.5 1.5 1.5 1.5 1.5
RILEM/ (g kg L) lle 0.0 0.0 2.0 2.0 2.0 2.0 2.0
ZEM/ (g kg D) Leu 0.0 0.0 1.5 4.5 1.5 4.5 4.5
R/ (g + kg ') Lys 0.0 0.0 3.3 3.3 3.3 3.3 3.3
Wi 7 fiil /(g + kg™ 1) Fish oil 26.0 27.0 27.0 27.0 27.0 27.0 27.0
Feed K5/ (g kg 1) Soybean oil 26.0 27.0 27.0 27.0 27.0 27.0 27.0
composition SALMER/ (g + kg~') Choline chloride 5.0 5.0 5.0 5.0 5.0 5.0 5.0
ﬁ%{fjﬁ/(g ke ™" 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Eiﬂgﬁfﬁgﬁuﬁﬂ ) 365.0 383.0 383.0 383.0 383.0 383.0 383.0
FIEE/ (g + kg™ ') Premix 10.0 10.0 10.0 10.0 10.0 10.0 10.0
4% /(g + kg ') Microcrystalline 72.0 83.0 83.0 83.0 83.0 83.0 83.0
DP100/(mg * kg~ 1) 0.0 0.0 0.0 100. 0 200. 0 300.0 400. 0
BIZE 5/ (g » kg~ ') Crude protein  317.9 305.3 316.6 316.6 316. 6 316. 6 316.6
BHHAKTL KIS /(g » kg~ 1) Crude fat 77.1 82.3 80. 2 78.9 81.2 78.7 81.5
Nutrient level g /s /(5 o kg™ 1) Crude ash 87.3 85.2 82.1 80.9 80.5 82.2 83.7
L/ (MJ » kg~ 1) Gross energy 16. 22 16. 81 16. 86 16. 69 16. 68 16. 74 16. 86
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IF 83 d, 7% A A 1] A K i B 2 1Kk (08 30,
16:30) , A YK B0k AT W2 £0 A 75 ol W 1 h 5 R
BB D0+ P W2 30 W2 1 A A O B bf R B R, 1
Ric K i B, U B Rl K IR (23 £3) °C,
pH H 7.14+0. 1,/ 5MA KT 9.0 mg/L, A& /NTF
0.1 mg/L, WA§EREL/NT 0. 005 mg/L,
1.3 HmX&E

HFERTAF 0 24 b BRI AR N Y 3 3 LA S
Ji i S IE SR AR A R A, SRS R A R AL
10 B o, % F MS-222(Sigma, 10 mg/L) R 5 . 76
W A R 1 7K 43 J5 PR A BT S K B AR S ) O
P 0 R i TR VR R TR S R A — 80 °C AR
Tk VKA PRAT R
1.4 $EHRUE
LAl ARSgAan  RYES TR G AT
LR i DL R 40 o 11 B30 5 2 3 I R (BWG) |
FiE 4 K3 (SGR) Ll BHECR (FERD L 4R B RI0%
(PER), IH8AXTF:

BWG= Gm,—m,)/m, X100%,

SGR=(ln m,—1In m,)/tX100% ,

FER= Gm,—my,)/m; X100% ,

PER=(mt*mo)/(m,><m,g)><100V0
g vm, 53 50 R W) IR R BT i R4 OR (R T
(g/F) st Fmi B i [a] (D s my Fm A T 1 R
g/ ) m, FR B A& &),
1.4.2 4By RAALHFE A AR =8B (MDA) 4
oy FEMEFGERE S TE 4 °C FIF AR
J& R BB OAL 3 000 r/min 8.0 15 min, B |
TR . 28 G DU R AR AR 125 5 V€ 40 il
JIE 1 Tt B S Ak 1 I8 Ak il (SOD) | 5 %4k &L il (CAT)
K45 e H kit 484k B 6 (GSH-Px) 3% 1 2 MDA &
dat R PR & (Rt A ) CRR A58 ) ik
1.5 &#%it

IR B SR P (E AR 22 RO R A
SPSS(20. 0) B A AT T3 22 53 W 45 T5 22 70 Wk 35
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Table 2 Effects of partial replacement of fish meal with feather meal with DP100 supplement on

growth performance and feed utilization of Carassius auratus gibeilo

419 ?J]!IEMKE?JE'/ %3’514&@?'/ Pk Bt 3 n R/ %6 R R/ U TR/ % AR/ N

Group ' A(g Ly == 1)( 4 (g 1)' Bod)f weight Specific . .Feed ' '}"rotem ,
Initial body weight  Final body weight gain rate growth rate efficiency ratio efficiency ratio

I 7.2140.88 30.1942.82 ¢ 319.85424.67 ¢ 1.73£0.07 ¢ 76.58+6.87 ¢ 2.41%0.22 ¢

I 7.6540.75 24.3741.94 ab 221.52447.00 a 1.404+0.18 a 51.12+7.19 a 1.61+0.23 a
Il 6.8240.27 22.1642.40 a 224.37+23.73 a 1.42+0.09 a 55.76£7.87 ab 1.83£0.26 ab
v 6.9240.38 23.47+1.78 a 240.154+32.50 ab 1.47+0.12 ab 55.1946.18 ab 1.74+0. 20 ab
Vv 7.7640.53 28.3542.73 be 267.854+57.83 abc  1.56740.19 abc 68.64410.67 be 2.172£0. 34 be
VI 7.72+0. 31 28.16+1.93 be 264.96+27.60 abc  1.56740.09 abc 68.1246. 45 be 2.15%+0. 20 be
I 7.04+0.27 27.9442.29 be 296.51+17.64 be 1.66=40.05 be 69.67+6.77 be 2.20+0. 21 be

T« A 5 BR JE v AN [ /NG 8 R 22 57 3% (P<C0..05) . &,

Note: Different lowercase letters indicate significant difference (P<C0. 05). The same below.
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f % 3 AT, I IO IV 20 T g A0 A i 3 2 1 il
WEHEZEMF T 41(P<<0.05) ;ffiZ DP100 ¥ i &
(A3 I o JHF g U R0 fi 1B AR TS ) B R VO VAR
AR EABSE NS T AMLE TR EELER . B

H1 2% 3 W], IR I 1 0k R i 3 B I 6 L
Byl S S KT T 40 (P<<0. 05) ;% DP100 (1)
IV~ I 13 A 0 s 3 s Js Tt € o B G 0 o {HL
VA B 28T T 4 (P<<0.05), i V. VIFIVI 4l
I A 2SR EE,

HEAFE SV AMVIAS T AR F%ESR HI4
£3 PFEHBDHBEREMIM DPL00 X5 5 4R 8158 L B E 7180 %

Table 3 Effects of partial replacement of fish meal with feather meal with DP100 supplement on activities of

digestive enzymes of Carassius auratus gibeilo U/g
215 ¥ [ i Protease e Wil Lipase VEBEE Amylasc
Group T I i 18 AT Jo i Ji 18 AT Jot i J 18
Hepatopancreas Intestine Hepatopancreas Intestine Hepatopancreas Intestine
1 803.08+15.72 ¢ 407.04+13.12 ¢ 28.6941.53 ¢ 14.01+£1.01 ¢ 1004.00413.45 b 502.1149.85 b
I 698.67+10.02 a 299.684+11.93 a 21.3442.08 a 8.16+0.76 a 944.3249.02 a 445.32+7.51 a
il 710.33+18.58 a 308.35418.77 a 22.01£1.73 a 8.3540.59 a 949. 65412, 06 a 449.01£10.15 a
I\ 716.67+15.28 a 316.654+14.29 a 23.65+1.53 ab 10.32+1.50 b 952.31410.97 a 453.08+9.85 a
V 782.11+12.12 be  382.454+12.13 be 26.5641.54 ¢ 12.73+1.42 ¢ 984.574+9.39 b 485.31+8.15 b
Vi 783.09+17.78 bc  383.51419. 68 bc 27.31%F1.51 ¢ 14.17+0.76 ¢ 991.764+10.58 b 493.364+8.03 b
I 775.67+16.81 be 375.34+14,20 b 26.11+1.33 be 12.55+0.87 ¢ 985.664+11.51 b  487.21£9.17 b
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AN IEIRA R0

A4 T, 5 T 4lMi e, 10 . IR IV 4 0 g Ak
Ffz i MDA & & &3 FJH(P<<0. 05) ;i DP100
AN 380, VL VA VI ZE R BRI AL i MDA &
w5 1dA2%ARE. S 1T4M. TMml4a
JFBRAE SOD ¥ J &8 2 & BE (P <C0. 05) 5 % 100
mg/kg DP100 fy IV 41 i B E SOD & Ji A L FH i
BB ZER T 1 4 (P<<0.05), 518 SOD i /i
5 TAMILZERARE % DP100 3 /K ¥ i 1
s Vo VIR VI 2 JBE JE Fin i 3 SOD 3§ Jg ik — 25 7

LS THESARE. 5 1408, A4
JBEE CAT 1% J1 @ 2 F R (P<<0.05); % Jim 100
mg/kg DP100 1y IV 41 JFF BRIk F i i CAT 36 1A
FH s N CAT B S TAERARE W
BCATWE N EEMRT 1 HP<<0.05); &
DP100 %8 i 7K i 38 s V. VI V4L i ik i
CATE#—Hm . H5 1TdERARE. 51
ARG, I IR IV 20 B 8 0 0 iz 8 GSH-Px i )
B3 TR (P<C0. 05); Fii & DP100 ¥ i & A 3%
Vo VEFVT 20 6 e A s i GSH-Px 3% ) BJF, 5
T HERARE H3HZRZERIIARE.
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Table 4 Effects of partial replacement of fish meal with feather meal with DP100 supplement in diets on

antioxidant indexes of Carassius auratus gibeilo

MDA % % /(nmol « mg ') MDA content

SOD { #1/(U » mg ') SOD activity

21 7)) - - = -
ol I W Wi TFE Wit
Hepatopancreas Intestine Hepatopancreas Intestine

1 10.40+1.12 a 62.56+4.11 a 302.67+14.01 a 114.68412.06 a
I 13.79+0.52 b 72.5944.45 b 244,00+14.11 b 73.12415.10 b
Il| 13.0340.83 b 71.8743.82 b 247.334+11.51 b 76.37413.32 b
v 12.63+1.10b 70.83%3.49 b 255.354+10.69 b 87.54413.43 ab
vV 10.8240.59 a 66.9043.50 ab 291.57+15.18 a 109.70414.11 a
VI 10.48+0.66 a 64.9644. 45 ab 290.69415.50 a 109.63417.24 a
VI 10.4240.63 a 65.9945.09 ab 286.31414.19 a 103.31415.04 a

131 CAT % J1/(U « mg 1) CAT activity GSH-Px #§ J1/(U » mg~ ') GSH-Px activity

ZHH! " N - N

Gron T HeE it TP Wit

Hepatopancreas Intestine Hepatopancreas Intestine
1 77.31+8.74 a 9.2540.87 a 198.65+12.76 a 144.00%6.56 a
1 54,0746.25 b 5.1440.56 ¢ 153.70£15.15 ¢ 100.61£9.29 ¢
I} 55.574+5.86 b 5.65740. 62 be 165.31413. 05 be 107.1746.66 ¢
v 68.4949.07 ab 6.76+£1.01 b 174.02410. 15 be 116.32+7.02 be
Vv 75.0049.85 a 8.2741.09 a 186.71+12. 66 ab 134.54+11.02 a
Vi 74.64749.07 a 8.4540.55 a 189.11+13. 23 ab 133.09+10.58 a
VI 71.66+9.61 a 8.2140.58 a 182.58+8.27 ab 129.3149.29 ab
3 Wi A U R A T B2 S AR KPR RE L JE HTE
» -I/b

3.1 PEBMBMBASEREM I DP100 3t 7 5 R 6

KK M

PIER B B A AT, X 7ER
Z W58 P AR BUE B AR I IR A T M ) Y 4
e A 4178 &8 4 = W2 7 4% EAA 1A
X S R — S H AR e R R 5 T4
B W2 5, B3 B 0T 0 Al R
FEWR IF AR WY 0558 5P B by R A AR 1 A ) B X
A REZ Rk fok FOR B A — SR AT B
FEAAAL IR 1A R 2 ik IR - 4 30 BB A e ) . H T
B AT 3P R SR AL R (X3P S OB R R B ) 4
JEn T S Ko T2 W Ak e i B R K
BRI M Y R . BRI E B E L
T M 67% EFFF] 87 %6 B AN R AR I H
RSP B N T AR B — R E R ik B e ]
PAFT W 22 i 1) JORBHE A 35800 ffe 26 180 T 3 T R e e
FIEBMANLAEF A . PIBR P& H KR A%
fiff ff1 2R RINET 4 B 1 AR B R i) DP100 O I
T HIA ZE AT B PWD-1) . A AL AT LK 5 1 40 i £
HE RN E AR E B R E E B A AE
RIS 220 AN R 9T R B A7 0 H R ER KT B
IG 120, BRI 500 g/t ff 26 [t AT S 25 4 ey 28 oK AR 5
T H G RN R s R . Wang S5V BIFSE
FeH L HOR S I 0. 120 fA 2R 1 AT R PR R Y 1y

REAHRPMEABRRERMEHENRE. A
B, DP100 BN+ 2 200~400 mg/kg i, i 4
AR AR b 0 IR AL 22 e AN B3 . K W] DP100
AL 200~400 mg/kg i, 7RI B EAA MRS
W AT AEA TR 100 P B E A B Al

HEZATITH.
3.2 PEMEBAEREHSN N DPL00 X FFH R
HLEETE BRI

JHF IR JIFE 00 g 3 2 o WAV A Bl A e, B
73U B VB N U A VE R B . 2 S IR R LR B
S5 AT B o A 1 ML AR GRDRE A T AR . R
AF T R L T A B T R RTE — o R B R
B IR BT AR BE L AR E IR W B S KR Y
AR e By 5 | T A T T T A AR AR AR IR L o
EREABN 100 A E G A B SR 1
H AN INER 7 BRI 4 EAA B 108y 2 O BRAD
K1 T2 S5 7 AR AT IR U AR i T 1 il O W
ICT o0 BRZH xR B P Bl R ARy o A
pR S S 3 S NN R R R A e
FHV 23 W AR fr K e v 2 1 5 A T A .
B3P oy 08 U e A ) R A A g P 5 T
JVE Ky B 23X T RE R R R B A B S A R
Al R ik 1) 2R 1 (B DR 2R 1) 5 |2 i 3 48 405 - a0 i 3
AT P02 T M O FRAIR L X 5 Wang 2600 ) fig bk
W (Nibea miichthioides) W WF5E 45 250, AR
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SRR P E Hy R AXARR A R AN T AN RE W A
AR TE R R L (H B IR s B R AN T
13 e AR R AR 560 R 1 o

TEAR S H . DP100 (78 A 2L % i 17 P E 8
FAEAERI K R E A M E A 28 T EA RN
Al 38 0 PTIE Ab B B i IR R S AR A
I 0 Ji7p T R VT T A R E A B T 3 AL A
TR AL R, 5K 25 A AR RS R L & iR
PN PR IS P B R 0 T kR R B 4R
. Poppi & HF 58 & BE , WL 69 RE 0% A ROR) FH K g
PIEHHIE IR . Li S5 B8 R A
WFoE 2B ZEE T 500 JKARF B IS B0 T L 8 7R
T it A 2 IR R 0 i R AR 28 0 K R P B R 1 R
., DL EARSR A R Ul oF B R & A OC Ak B OK
fif AR A 0 A BEAED S A R R (AR Ak I A T
HP BB AT 8T A G H 2 B R 7T A RE
IRFEVER AR EH B . K3 H B R AU
R FE R TS I S AR B S (A i — 20 6 1.
3.3 BEMBHBKEM SN DP100 3t 7 5 R &

MALEE NI

H RS K7 SR 50 4 29 T R o ok sy, R [
MIAT R VB AR A A AR ) 2 OR A2 B IR Bk KL AR
Ty 5% B R RDRL ) 5 A BAE D T A R e R AR
NEEL . REEBEFEUE I < 78 AR 22 W AR I 2 T
by EE S — 7 2 AT AT — A Sy o B Y 2%
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