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24h, UK/ A) L A RE RS20 A [ 1A B (28.68+
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Tab. 1 Formulation and chemical composition of the reference diet

JER BE%TYIR)

Ingredient Content (% in dry matter)
4.8 Fishmeal 30.00
Z# Soybean meal 15.00
XUKZEHA Canola meal 15.00
TH ¥ Wheat flour 29.00
fay# Fish oil 2.50
i Soybean oil 2.50
JIH#E Choline chloride 0.11
Z TR Vitamin premix 0.39
Z 1 TR Mineral premix 5.00
AL THS Cr04 0.50
ST Total 100.00
%2&@2% Chemical
composition
7K4) Moisture 16.27
A Protein 41.80
g Wi Lipid 4.20

K 8: 30F116: 30FEME, - IKILM ThZ R AL, T
BRERAT . PR 5 A2 AE M oh s AR 261,
W I A0 5 B 1D 35 L, AT 1D SRR A o 2 il
FE30OMN PR & B, W IR TR LT, BB 5 TN
—20°CUKAE T ORAF LA AT

1.5 HmAEMSH

R IE R P = RE e N [P S
AOAC 177, TR & Bl g 7E105°C FHL %
ZIEENAS . AR R K1 (Soxtocsystem-
HT6, Tecator, Haganas, Sweden) LA Z. ik Ay 7110 52,
CrO KM e ik e, R & BT
KA I K Fl 28 B2 2 E 3l 0 A A (2 BRI 2R A300) T
E o MEFEFYE . AR ER MR
TS A XN

TR B 2R M A2 (%o )=(1— TR Cry 05 %/
F£48h Cr,0,%) % 100;

B IR R A E (%)= 1 (1K F
Cry05%x FEF B FF A7 %)/ (FEAF 1 CryO5 % x il kL
I 53 %) 1% 100;

SEG JFURNE R B R A 2 S A O

TPk S AL 77 20 2 VLT A 26 (Yo )=( 56 1l e
FE IR B T BT A 26 —0. 7 < FE R P el 7 % Bk
I3 IR AL Z)/(1-0.7)x 100,

1.6 HIESHTSLIE

K HISPSS22.0%} Bt 5 £ 45 i3k 47 5. R 3= 7 % 4y
H7(One-way ANOVA), # 7 7t i 2 (P<0.05) W5t fr
B H VG 4TDuncan® E LA .
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A IERRA L AN R 283K 3T~ B 1AT 0, 7E9E
AR T2 T, B3t 6T 30E 1138 AR 16 T4 R 36
W A 02 T 5 43R E RH(P<0.05); TE 2 AL
BTN, 3E DU PR (40 o 28 WV 1h 26 2 21K
T B AN 3R E R (P<0.05). FEARBZ AL R T 2 Ffig
PR HIPRL T2 R B = fo . 3k 1200 R0 EER dOk (1)
TR T AR TE B M 2 5, (EAE AR AL R
TETNHAGEBRE T REREHEEERT
AR T2 (P<0.05). B & X AERZ AL R T2
(TR HORY B 1 9 AL R IR (P<0.05), X T 4kl
BT A ARk RN HE 1 fR0R (R 2R R AL R
1£94%LA b, W3 =T 5 A2 JERN(P<0.05), 2 1

®2 EARBEREFRKF

Tab. 2 Nutrient levels of test protein ingredients (%)

Joks Sk vi b iR EEch v v v Y i A DT AL iy

Index Domestic  Imported Mealworm Chick
fishmeal  fishmeal meal meal

X [ Protein 66.36 66.09 68.96 64.68
JIg W5 Lipid 9.52 9.34 6.97 13.54
JK43 Moisture  10.02 9.25 6.86 5.77

®3 EREERSE
Tab. 3 Amino acid profile of the ingredients (g/100 g, in dry

matter)

5k [y R SO B OIS

Index Domestic  Imported Mealworm  Chick

fishmeal fishmeal meal meal

W 35 R PR Essential amino acids
R His 1.38 1.31 1.12 131
FEER Arg 2.85 2.86 3.91 3.54
PR Thr 2.15 224 2.16 2.11
AR Val 227 2.43 2.68 236
B Met 1.38 1.25 1.03 1.02
AR R Phe 1.88 2.19 1.99 2.05
R Tle 2.14 2.20 1.81 1.93
FER Leu 3.78 3.97 4.46 3.76
ML Lys 3.62 3.85 3.75 3.19
JE 0 F R R Non-essential amino acids
RAER Asp 7.58 7.86 6.58 7.25
BEE Glu 6.62 6.98 7.96 7.31
252 Ser 1.85 2.04 2.88 229
HE Gly 3.66 3.18 438 4.95
% 2R Tyr 1.61 1.65 1.73 1.53
AR Ala 3.43 3.30 3.04 3.34
JHE R Pro 2.20 2.09 3.58 3.12
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Fig. 1 Apparent digestibility of dry matter (A) and crude protein
(B) and crude lipid (C) in four protein ingredients of yellow catfish
(%)

AN TR AL BEAT TV AR VE AN [R) 5= BER IR AN [R) JUR) 22 57 12 2 (P<0.05);
S FORAFIN T T2 % 7 8.3 (P<0.05)

Bars with different capital letters mean significant difference
among groups (P<0.05). Bars with * mean significant difference
between pelleting and extrusion processing (P<0.05)

R PRIA (R 2 T AL 23R IR (P<0.05) . T =
¥ HE R AR HUBNTT AR AL SR T2
AT AR B E R T AR T 20(P<0.05), T4
PRR U AE B o 8 300 0 0T S A0 DR T 2 ) 0
PRH T I 22 WLV A 2 T 2 v T [ P ok A E 1
H(P<0.05), {E A6 HRL T2 FHE O3S OB 6 g
T WA B E AT Hofh 5B (P<0.05). 26 m T
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T2 Ry ) I 7 W A 3R B 2 TR
T T 2(P<0.05), T A6 n T 1 2 ok Hfig s
FEWLIHE A2 L F AR T AR AN T 1T 20(P<0.05).

FH 4nT 50, EAN RIS 245 1F T afh Bk
MER. ERAK. HEAR. HER. &R
TR R AR R E LR TR K
AXHR. BER. NWER. HER. BMER. M
AR 22 Z TR A RS FhIE 4 75 = L TR 1 3R ML
M ZAFAE 2 72 7(P<0.05).

3 2 TR T R WL Y A 2 AR AL DL T 2 | 7
R 5 R 1 3R ULV K #6.(93.05%) B 1= (P<0.05);
JE2 Ak R 20 B 3 1 #K (95.06%) Fl I 1135 R A
(95.15%) Mt 28 R 1) 2R WLV A28 s e, [ P2 R I 2,
FoRy OB I A (P<0.05); AR AL Sk T 20 358
UK (87.05%) B 22 R 2R WL VM A0 28 1 3 v T I AL
$i T Z5(64.15%, P<0.05).

i R P R VH A 26 A [R) A 2 A R 38
THAGRITER0% LA b, X T AR A T T 20 [ 7=
IR R BRI AR B T 7 A3 Fh i B R
(P<0.05), T 4k I T T Z4F0 2 A JE RS 2 R %
MIE R A B EEER. 2 T 20

FOM SRR HORY BORS BRIV AR 2 3 Tk
AR IN T 1. Z5(P<0.05)

Jz Ak ik T2 Bt 1 FRy R R R (92.32%) FlI 4R
ZIR(96.32%) 3R MIH AL R 55 5, AL HiPRL T 2 1k
F A8 (96.83%) XS RIFF(95.09%) F1 3y da
(93.13%) A AR RV TH AR B m; RN AR A
SRR AR AL kL T2 A [ 7= R AR AL R T
2k 10 R0 XS PRI K 1R 3R W T 4 R I 7E90% LA
Fo HAHRA AR R LRI B E M E
o ANFEFRER P RELEAR. 22K BE
IR HER. NRR. MR, B2 Z R
LAELFRABER M BN HE MR Z HBAEER
W, R EIERE IR m R R, KR
BRI R AR 5
3 iTig

IKTFE Sl Het Ak F 2 W T Ak 2 852 B 0 7R 771
R USCEESAT A i SEIR B AE K B B S
I RS IR A . SR AR B B R VR I B 3
S TSI B0 0 5, B — s o™,
AT L AR S8 R P T W vk SR B 00 0 2 . S5

R4 BFENTEHNTZ4MELRER FRERBRWHLE
Tab. 4 Apparent digestibility of amino acids in four protein ingredients for yellow catfish (%)

JEf#4k Pelleting processing f#4t Extrusion processing

B S A > A NVANIRE A% S N A NVANISE AY
fishmeal fishmeal Chick meal meal fishmeal fishmeal Chick meal meal

W5 FR Essential amino acids
%R His 91.4343.98 87.19+1.30  88.90+0.02 80.88+3.22  85.66+1.18  83.29+1.05 94.48+0.48  95.44+0.44
R Arg 92.47+1.61% 86.3440.66" 90.10£0.34™ 83.842.78"  89.3240.59™ 91.86+1.25% 93.71x1.61° 91.37+1.37"
TR MR Thr 86.1043.13" 78.71£8.67" 90.96£1.27" 73.50£6.00° 77.55+5.47° 96.83x1.16° 95.09+0.09° 93.13+0.13"
SRR Val 62.7643.66" 84.7622.41" 84.80£0.81% 80.42+£3.54° 82.4943.68° 96.32+2.60" 93.42+0.41°" 93.66+2.69
EER Met 57.48+0.13" 53.06£2.40" 47.09+1.45" 44.83+3.12° 87.9142.68° 87.2320.23"° 95.35+0.34° 89.04+0.03

c

96.17£1.35° 87.74+4.96" 83.98+1.64" 86.80+541" 81.25+7.69° 93.26£0.26™ 92.34+£0.34™ 58.02+0.02"
97.23+2.02° 86.16+3.54” 85.71+2.39° 81.40+3.59° 85.33+1.51 94.49+5.41% 94.09+0.09" 94.01+1.80"
=5 Leu 63.6144.05" 85.42+325™ 85.51£1.67% 76.56£6.19° 84.45+3.38" 92.32+0.32° 87.50£0.50™ 89.50+0.50™
%R Lys 93.05+0.22% 91.31+3.22"" 88.65+2.00™" 87.05+1.99™ 85.0242.86" 95.06+2.45 95.15+0.15° 64.15+0.15"

B 75 F FEMR Non-essential amino acids

ZKNZ L Phe
FEAIR lle

C

abc abc c

FAZE W Asp 73.23+1.61" 86.0042.67™ 82.22+1.61™ 83.33+4.44™ 79.78+£8.09 88.68+4.06° 93.36£1.36° 93.54+3.54°
BHE Glu 93.120.92"° 90.47+3.8°  93.54+£531%° 83.90+2.14° 96.31£2.74" 99.31+6.27° 96.84+2.31" 96.58+6.8"
L5 B Ser 87.3242.36™ 73.97+£8.99" 86.10+0.83" 75.63+4.89"  80.46x4.33" 95.33+0.33" 95.01£0.01" 96.08+3.47"
HZEIR Gly 95.41+0.41 88.02+5.15  92.78+1.75  90.70+0.63  88.14+0.73  95.65+1.30  96.16+0.16  95.00+2.00
B 5% Tyr 68.01+5.51° 69.85+10.63" 77.34+6.28" 84.06+0.06°  83.6+3.32 89.03£0.09° 78.50+0.50" 55.57+1.34"
FHE M Ala 96.39+0.80° 91.10£4.61° 90.94+0.30" 89.38+£3.00° 81.53+7.99" 97.97+1.40° 94.3124.31" 93.00+1.00"
R Cys 91.66+0.06" 93.14+0.14" 94.07+0.67° 91.47+0.47°  63.0146.59" 89.50+0.50° 93.15+0.15° 67.00+1.00"
JH %2 Pro 74.76+1.97° 86.20£3.00" 77.0242.65" 87.01£5.96™ 84.79+£537% 67.55£0.45" 95.854£3.01° 77.97+8.23"

e R P AN E R RFIME; B —A7h LA E AR ESOC BT BT AR RN TR E 2R (P = 0.05)
Note: Data are means of triplicates. Means in each bar sharing the same superscript letter or absence of superscripts are not significantly
different determined by Duncan’s test (P=0.05), the same applies below
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FAHE7R A Cry05 AR T Ak 2t 5 7 B o [ Y 4K
PR IR R, T g E s . A
56 5K FH AR B2 40 RN B2 A0 o T T 25 ol 93 7 o
ft6F DU A Bl P L 2R A JRORE T AR, e RHEC 7R
“T0%HE Al 30% A5 M J5URN 1) 7792, AMUARIE T
TRRVE 7 o XA, IR RE 78 70 b 4h SR R IR AR
K i i & A 7 2520, A A TR i % % W
PEFIHERATE
31 BMRMWHELE

R T O REAERAGIR S 2R K
KGN EERAL. PUEFRFE T, I HE SRR
B, KPR SR 5 R A R, X g R
JLGHERTIF (Litopenaeus vannamei) . Hh [ B %R
(Fenneropenaeus chinensis)'' " 458 8 8% (Erio-
cheir sinensis)." 7 f1(Rachycentron canadum)" -
f1 ¥t i (Epinephelus coioides)[”]ﬂl % HE £ (Oreo-
chromis niloticus)’™ I O35 TiFS2. AS25% A
EE T R R AR R, SR AL AR AL
PR T 2347 0 L, 45 SRR O Ak DR T2 [
7 Ry R 1 #8085 1R 51 (84.29% F1186.38%) «
T H(96.15%K194.84%) K1 I 1117 (79.02%F191.98%) %
FUIRIER S =S Ik 2 =/ 7% 1l A -l < = W< e
1R IR S R R TE A 343 SN 77.55%—89.32% 11
83.29%—96.83%, T I i Ak fill b T 25 (1) [ 7= £ 8y
(57.48%—97.23%) A3k 11 K7 (53.06%—91.31%) %
FERR RN Z AR . TR E Rt A K
A O AR 1 [, AN [R) H 7 A= 7 1 K R A
TR BRAT TR I 22 57, A S0 SR FH 1 [ 7= £ AN
HE 0K 1 2 A B(66.36%F166.09%) A1 I 7 &
5(9.52%H19.34% )M, T EERMHEE
70 % 25 M 1 22 e, U0 L ARy (1 R AR R
FE O ok R 22 BELE AR /DN
32 BEMRIELER

X5 RIA 1R 77 A (8 B ) SRR AN TR 22 R R
K, B 2F#E BT 6N AR A 72 (138 R (1) 8
TR oy T 2R B XS Rk R A 0. R M AR
RO 8B N56%—T4% 10%—19%F111%—23%,
T HELER 3R PR O L2 R 64%—T78% ). AR St
FF PRI XS PR R 2R 1 ROREL AR U7 ) B 43 0l R
64.68%F113.54%, FERZAHIRL T 2 13 Rk T4 i
(90.87%)~ & F(89.66%)F1HE M7 (85.64%)F ML 1L
R EIR85% LA -, {H R H A 5 =38 PR 16 T4
FIE 7 22 LT AL R B AR o AL TR 5 AN 52
JERORH (1 A AR R SRR 5 2 0 TR B2 i, [ B 3 57 )
ANFEAL T2 MR . A0 7R I 43S ok i
S BUN30%IE, AN T ML RS H RN

155°C, ML T AR, R AS 58 4, 7= b o
AR 22 KA, I s B e Al i O 8 22, 52 ¥
WA RSz 7 AL I T AR b, WU R N
105—115°C, Xl i T AL in T 12 X I v
R . 7232108 4 (Cirrhinus mrigaca) T 58 4
S5 PR 1) 1 T 40 2 5 80% ", 7 — R I WL T,
£ 21T DA v ORI R 072 Dk bk s f R P
R G W R AE (K B . R RN R B DA R k) vp 2L
fib o s s AERE AL SR T XS
B R R LT A 2 1K (47.09%), HoAth o T &
FEIR I 2 W AL F I TER0% LA b, T AL ik T2
bR T S E B I R LT A 2N 87.50%, HoAth s 75 & 3
TR IR IH A 2 E90% LA .
33 HPHRERWHELE

B rHE A& &S, 1850%—70%. H4F
Ut Beb, AR B AR IR 7EA S,
TN HURY I 2R 175 B 1K 68.96%, 5 91 11 06} 3y R
M AR AL HRL 2R B AL HRL L 2 T4 R b
R HINTL.39%F184.93%, &AWL D H N
75.00%K1187.68%, P4 il AL 1. 21 1) g il R WL v AL %
I3 INT6.20%H177.66%. 5 ASZIG 45 FAHALL, 75 5%
510,56 i WEUR Y A SR RO T AR R B, 0 ot e L
TP B A AR R WTE 02 5 5180.35%-
91.08%F171.59%" . #i f1 % HOKY BORY K B4
RIEFR Y AL R P Ao A DX MK . EWF R3S
K HORS X LA ¥ o 0 1 5 A 1 i 52 T PRI 90 P R
LT 57 10 2 0 AL R N45.9%, FH & A 1R ULTH
WHRT6.1%, WA IER IR NT2%—
8?%#EE§%E%¢§§@%%*W%@§%
@3? 24 i

HE2 A A R R 22 3 B A B R sk A o, TR A
gy e RAA R E AR A, AT 2 e FLE AL R .
FEZAK P B e v iR, T T R 3 B AR K AL BT 1)
A A B 43 8 1 5 i 1 R AR AR, O R
RV, AT AR, WY& AR,
B2 3 FE I Ak AR 2 RO M R 5 0k AR SR h i
[ (Maillard reaction)Tf MR & 157 1 46 %270,
A I A5 2 3 0T 78 R I A ol 2 1 s L v SR A
BRI R PUE RN T, R B RRE LR E A
SRR 2R T I AR X 5 AT AT o
o ] = Ry, 3E 1 ARORY R SEOR Ok 1 Ak T
TR T L 2H & E A SRR
KR —5

gk LR, fEARI AL IR T 20N, 35 k[
FEEERY . HE T HC RIS PR I LT A R BT, B
Ky HORy IR 225 TE AR T 2R, B =y, it
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APPARENT DIGESTIBILITY OF NUTRIENTS IN FOUR ANIMAL PROTEIN
INGREDIENTS WITH DIFFERENT PROCESSING TECHNOLOGY FOR
YELLOW CATFISH (PELTEOBAGRUS FULVIDRACO)

LIU Cui"? ZHOU Jian-Cheng’, LIU Hao-Kun', HAN Dong"*, JIN Jun-Yan',
YANG Yun-Xia', ZHU Xiao-Ming"* and XIE Shou-Qi"*
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan

430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Wuhan DBN Aquaculture Technology Co.
LTD, Wuhan 430090, China; 4. Hubei Engineering Research Center for Aquatic Animal Nutrition and Feed, Wuhan 430072, China)

Abstract: In order to evaluate the digestibility of yellow catfish (Pelteobagrus fulvidraco) to different protein ingre-
dients with different processing, the test diets were consisted of 70% basal diet and 30% test ingredients, including do-
mestic and imported fish meal, chick meal and mealworm meal, and chromium sesquioxide (Cr,03) was used the indi-
cator to determine the apparent digestibility of dry matter, crude protein, crude lipid and amino acids. The yellow cat-
fish with an average body weight of (28.68+0.49) g was randomly divided into 10 groups with 3 replicates per group
and 12 fish per replicate. The results using pelleting processed diet showed that the apparent digestibility of dry matter
in domestic fish meal was higher than that of the other three ingredients (P<0.05) and the apparent digestibility of pro-
tein in mealworm meal was the lowest (P<0.05), and the apparent digestibility of crude lipid in chick meal was signifi-
cantly higher than domestic and imported fish meal (P<0.05). The results using extrusion processed diet indicated that
the apparent digestibility of dry matter in chick meal was significantly lower than that of the other three ingredients
(P<0.05), and the apparent digestibility of protein in domestic and imported fish meal was 94%, and the apparent di-
gestibility of crude lipid in chick meal was also significantly lower than that of the other three ingredients (P<0.05).
Different processing technology did not impact the apparent digestibility of dry matter using domestic and imported
fish meal and mealworm meal in yellow catfish, however, compared to extrusion processing, pelleting processing signi-
ficantly increased the apparent digestibility of dry matter in chick meal (P<0.05). The apparent digestibility of protein
in domestic and imported fish meal and mealworm meal with pelleting processing was lower than extrusion processing
(P<0.05), however, chick meal was the opposite. Compared with pelleting processing, the apparent digestibility of
crude lipid in imported fish meal was higher with extrusion processing (P<0.05), while for mealworm meal, it was
lower with extrusion processing (P<0.05). The apparent digestibility of amino acids is positively correlated with appa-
rent digestibility of crude protein for feed ingredients. In conclusion, different sources and qualities of fish meal lead to
different apparent digestibility of nutrients. The domestic and imported fish meal was the best protein source for yellow
catfish, and chick meal and mealworm meal were also high-quality protein source for yellow catfish.

Key words: Yellow catfish; Animal protein ingredients; Pelleting processing; Extrusion processing; Apparent
digestibility coefficients



