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Tab. 1 Formulation of diets used in this study (dry matter basis,
g/kg)

JEE S e i il A A Y
Ingredient composition Basal diet  Test diet
1 4} Fish meal” 500 350
R0 2 (150K Test ingredient” 0 300
1l Fish oil 20 14
K5 GpH§HESoybean lecithin 15 10.50
i Soybean oil 20 14
T fiSoybean meal 150 105
/N A Wheat gluten 80 56
TH ¥ Wheat flour 183 127.8
44 2 C Vitamin C (35%) 0.5 0.35
SALHEBE Choline chloride (60%) 5 3.5
R — &85 Calcium monophosphate 15 10.5

YL ZORG ) B TR R

Vitamin and mineral premix 10 7
LA FE M Ethoxyquin 0.5 0.35
EMEY,0;4 1 1

N B E A, 73.19% A B 1, 9.66% R, HALE
Tecnologica de Alimentos S.A. 2\ i Callao T.) #24Jt; "R %6 5 (1
BORyHOB . BRI HOR . ZEERBEEE . FREFEREE
B NERERT . ARFFIR G5 B A RRL & 0K © 4EAE RA YR
TREH kgt R E): 4642 K B1, 5 mg; 4E2EKB2, 10 mg; 4kE
KA, 5000 IU; 442 D3, 1000 1U; 442 RE, 40 mg; 4i4: KK3,
10 mg; 4E2E ZB6, 10 mg; 4E4: % B7, 0.1 mg; 4E2E % B12, 0.02 mg;
ZERAS, 20 mg; MR, 1 mg; MR, 40 mg; 4E4- 3K C, 150 mg; &k,
100 mg; f#, 0.8 mg; 4, 3 mg; £F, 50 mg; 4h, 12 mg; fifi, 0.3 mg;
i, 0.2 mg, HALHTERURAEYHARA A W 24t

Note: * Fishmeal: Peruvian fishmeal, 73.19% crude protein,
9.66% crude lipids, provided by Tecnologica de Alimentos S.A.,
Callao, Peru; * Test ingredients: TMM, HIM, CAP, MCM, CVM,
CPC and PFM,; ¢ Vitamin and Mineral Premix (diet/kg) includes
following contents: thiamine, 5 mg; riboflavin, 10 mg; vitamin A,
5000 IU; vitamin D3, 1000 IU; vitamin E, 40 mg; menadione, 10 mg;
pyridoxine, 10 mg; biotin, 0.1 mg; cyanocobalamin, 0.02 mg;
calcium pantothenate, 20 mg; folic acid, 1 mg; niacin, 40 mg;
vitamin C, 150 mg; iron, 100 mg; iodine, 0.8 mg; copper, 3 mg;
zinc, 50 mg; manganese, 12 mg; selenium, 0.3 mg; cobalt, 0.2 mg,
provided by Beijing Enhalor International Tech Co., Ltd., Beijing,
China
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Tab.2 Proximate and amino acid compositions of test ingredients (dry matter basis, %)

Proximate composition TMM' HIM" CAP* MCM? cVM* cpC’ PFM®
#H % FCrude protein 65.88 32.17 84.21 74.10 51.50 61.51 68.21
K Wi Crude lipids 4.19 30.00 0.19 0.69 5.50 2.36 9.00
M B Total Phosphorus 0.35 0.79 0.92 1.49 121 1.68 2.59
KA 2 M Aspartic acid 4.85 2.78 9.54 5.82 5.05 5.66 6.10
75 % Bk Threonine 2.46 1.48 4.02 2.87 2.57 1.90 2.87
22 i Serine 5.74 1.36 321 2.20 2.04 2.65 2.61
B A M Glutamic acid 7.74 4.49 9.78 7.28 6.78 12.37 8.75
‘H & B Glycine 5.31 1.71 3.87 3.33 2.73 2.50 4.13
P& Alanine 3.13 2.24 4.63 4.70 3.93 2.36 4.42
R AGEINE 4.05 0.44 0.71 0.35 0.58 0.95 0.76
4R i Valine 3.92 2.02 5.44 3.89 2.95 2.66 3.37
% ¥Methionine 1.29 0.65 2.29 1.73 0.90 0.85 2.03
58 Filsoleucine 2.80 1.30 5.28 2.94 1.86 1.89 2.75
ToH BRLeucine 5.08 2.13 6.38 5.04 4.24 3.44 5.26
1% % Tyrosine 2.05 1.83 3.14 1.81 2.08 1.35 2.29
7 A & & Phenylalanine 2.57 1.45 3.30 291 2.82 3.53 3.59
#1 = B Lysine 485 1.75 8.70 3.78 3.20 247 521
17 Wi Histidine 0.90 1.06 1.68 1.42 1.29 1.80 2.07
¥ & R Arginine 3.73 1.58 3.40 421 3.10 7.89 4.09
Jii & B2 Proline 443 1.89 2.40 2.52 1.99 2.17 2.84
SE I Total amino acids 64.90 30.16 77.77 56.80 48.11 56.45 63.15

VE: "TMM: B08 BURY, B MRS A AR AT PR 2 7 B0t PHIM: SR sy, ph N KR AR R A R4 AR ‘CAP: 2,
B 1 28 1, FROT I BT R IR AR PR 2 R 0t “MCM: ST SR 2R 1, #1328 Calysta 24 7 3208k ‘CVM: /NERIERS, AP RHS:
KA S B (BB 3R 'CPC: ARFFIR A R 1, bW 3l 4 2 WL B A RS 4R 40t *PFM: B i), thi Bl Tecnologica de

Alimentos S.A./A F] $2 it

Note: Tenebrio molitor meal, provided by Guangzhou Zehecheng Biotechnology Co. Ltd., Guangzhou, China; Hermetia illucens meal,
provided by Guangzhou Feixite Biotechnology Co. Ltd., Guangzhou, China; Clostridium autoethanogenum protein, provided by Hebei
Shoulang New Energy Technology Co. Ltd., Tangshan, China; Methylococcus capsulatus meal, provided by FeedKind, Calysta, Inc., CA,
USA; Chlorella vulgaris meal, provided by Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, China; Cottonseed protein
concentrate, provided by Xinjiang Jinlan Plant Protein Co. Ltd., Shihezi, China; Peruvian fishmeal, provided by Tecnologica de Alimentos

S.A., Callao, Peru
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BB FEN S ADCs (%)=100x[1~(Dy /FyxF/D) ]
i, FRAZE TR ESAE T ) & &, DRIXE TR
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RI6 A ERLADCs (%)=ADC+(ADC~ADC,)x
(0.7xNp/0.3xN;)]
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1.5 ZithE*®

B BT BdE #5948 FISPSS” V.24(IBM, %
BN BEAT Gi it 0 #r, 45 R AR A a5 ik 2=
(mean£SD). K #.IK 2 7 % 7 BT (One-way AN-
OVA)YHEAT G 11437, B34 L (Tukey’s multiple
test) H T~ LU EAS [R] Ab B 8] (1) ~F- 355 . 24P<0.050,
WHZERBAEEN.

2 %R

21 tMAEEHEMNTYR. HER. i
BFADCs

Wz 4ffs, 7RSS B E ERF T4 L ADCs
H53.25%—68.74%. CVMZ T ADCsH &
mTHIM4 . MCMZH FIPFM4(P<0.05), H5S
TMM4. CAPAICPC ¥ H 5% % 57+(P>0.05).

*3 AWERNEERRS EEERAER

Tab.3 Proximate and amino acid compositions of test diets (dry matter basis, %)

BRI

Proximate composition JEfil 1Akl Basal diet  TMM HIM CAP MCM CVM CPC PFM
F4¥) 5 Dry matter 98.36 9734 9724 96.98 97.45 97.18 97.24 98.00
#H% 1 Crude protein 52.70 5639  47.52 64.09 60.19 52.47 56.36 58.84
FE i Crude lipids 10.57 8.30 17.32 7.46 7.61 9.16 8.15 10.29
#7K 43 Crude ash 11.67 12.00 12.04 8.80 10.14 9.43 10.49 13.89
S Total Phosphorus 21.38 18.10 14.69 17.90 22.07 18.68 19.87 24.85
AAELY,05 (ng/e) 991.92 92406  813.51 102679  1091.44  1081.91  1076.06  1042.82
KA 2 M Aspartic acid 426 3.74 3.82 5.98 4.77 4.41 4.80 4.95
75 % Bk Threonine 1.98 1.73 1.81 2.84 232 2.16 2.04 222
223 % Serine 2.12 1.82 1.98 2.62 2.17 2.19 2.40 2.08
A& B Glutamic acid 9.15 7.93 7.67 9.23 8.98 8.42 10.49 9.18
H& K Glycine 2.58 237 236 3.12 2.79 2.70 2.58 3.01
I Alanine 2.67 2.65 2.64 3.41 3.33 3.12 2.60 3.18
[Ht 2 B Cystine 0.60 0.52 0.51 0.69 0.65 0.53 0.64 0.55
S 2 Valine 2.29 2.29 2.17 3.21 2.71 2.44 2.40 2.64
FE & Methionine 1.02 0.85 0.83 1.33 1.16 0.93 0.87 1.32
A& Flsoleucine 2.06 1.94 1.88 3.10 2.34 2.03 2.01 2.36
FE M Leucine 3.71 3.24 3.29 4.67 4.12 3.96 3.70 4.16
fi% % B2 Tyrosine 1.54 1.63 1.56 2.07 1.85 1.57 1.63 1.80
7 4 & & Phenylalanine 2.20 1.96 1.92 2.62 2.45 231 2.57 242
HiE R Lysine 3.23 2.75 2.75 470 3.44 3.14 3.11 3.88
4 % Fs Histidine 1.44 1.20 1.28 1.43 1.40 1.34 1.59 1.63
H 2 B Arginine 2.92 2.46 2.44 3.03 3.29 2.95 4.55 3.20
I & B2 Proline 2.67 2.36 2.46 2.77 2.61 2.54 2.51 2.68
SR LS Total amino acids 46.43 41.43 41.39 56.81 50.36 46.74 50.51 51.27
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ETYIADCsH, M 2K 5 &£ CVMAL,
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CVM#. CAP#4. CPC4. PFM#l. MCM4. HIM
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Z(P<0.05), 1M H.EETMMZL A HAd R 56 2 A JFORHE
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BE m T BRMCMA 51 HoAh 44 (P<0.05). CAPZLA
CVMAM RRERR . A Tr 2R 41 A R
ADCs % & T HAh2H(P<0.05). CAPHIMEEZADCs
8 = T HA 41(P<0.05), I HERCPCAL 4 HAh 21
I35 2 FRADCSHIAE70% L . T R Z FRADCs
#RIET4% UL I, CVMA M EZIRADCs & & =1 T %
PFM 4 4 At 41.(P<0.05). CVMZL ) ZE 75 & 1R
ADCs i % & T HAh 4(P<0.05). TMMA IR
R, B, AR, HERMNGER D E K
T HAh2H(P<0.05). CVMAI KX EFRADCs %
T B CAPAL A Ho A 41 (P<0.05), 1M H & &
ADCs . 3 = T BrCPCZH 4 HAth 24 (P<0.05) . XfF
BER. WER. HER. WEAR. L%

x4 AWEAFRBNTYR. HEQMEEHHRILELE
Tab. 4 Apparent digestibility coefficients for DM, CP and CL of test ingredients (%)
TMM HIM CAP MCM CVM CPC PFM
T4 Dry matter  63.07+4.15"  55.39:5.61°  58.65:4.90°  53.9+3.70°  68.74+2.66"  58.22+3.64"  53.25+1.99"
FIZE [1Crude protein ~ 77.48£0.27°  55.49+0.50"  85.46+0.85°  82.78+0.14°  90.94£0.70°  80.09+0.43"  81.06+0.08"
FGiCrude lipids ~ 87.61+1.18°  85.92+1.59"  82.17+2.78"  67.97+1.91°  50.95£2.97°  62.55+4.17°  80.89+1.92°

i SPEMEREZE (n=3); # R T2 BF_EARB R — 17 B 7 B EARRR TR 3 2 7 (P>0.05), ARl 7 B RAFE 3 22 57(P<0.05), T [F]
Note: Mean values+SD are presented for each group (n=3). The superscript in the same line or no superscript means no significant
difference (P>0.05), values with different superscripts in the same row mean significant difference (P<0.05). The same applies below

=5 AREARMNSEIREWETLER
Tab. 5 Apparent digestibility coefficients for amino acids of test ingredients (%)
TMM HIM CAP MCM CVM CPC PFM
1% % W Arginine 68.22+0.58°  81.18+2.92' 8836+1.36° 86.41+0.83" 92.44+0.80° 94.12+0.08"  83.66+0.67"
21 % % Histidine 70.94+1.15°  60.10£1.24°  87.37+0.06° 96.05:0.01° 94.24+1.43" 87.50£0.96°  96.40+0.16"
5 Bilsoleucine 68.7142.30°  72.34+0.78"  88.38+0.20"  79.60+1.94° 88.10£0.31° 72.83+£0.14°  83.62+£0.47
225 B2 Leucine 62.25+0.73°  73.96£0.80"  90.06£1.10°  80.31£1.11° 88.97+0.20" 74.21+0.33°  85.92+0.59"
5 BRLysine 79.00+0.61°  73.19+1.45°  93.19+0.18"  88.09+0.20° 86.58+0.85° 68.63£0.60"  90.32+0.11"
& ¥ Methionine 80.45+1.12°  83.1743.04™  82.13£1.49™  77.04+1.87% 90.66+2.12° 74.55+2.50° 86.01+£1.77%
% 2 Phenylalanine 65.82+0.60°  76.71£2.17°  76.74£1.23°  68.21£1.46° 87.65£0.23" 83.79+0.92°  71.29+0.20°
J5% B Threonine 57.06£1.04°  74.77+3.71°  90.18+0.12°  81.77+1.15° 91.12+0.69"  70.78+1.29°  82.54+1.33"
AE R Valine 62.9042.04°  67.11£1.79"  87.1120.55"  81.83£0.40° 88.91£0.45° 76.45+0.52° 80.85+1.25
T &5 R Aspartic acid 68.27+0.35"  76.44+1.23°  90.95+0.12°  83.13x0.18°  93.4£0.69°  83.54+0.59"°  83.28+0.52"
& R Glutamic acid 74.03+0.53°  77.84+0.79"  89.72+033°  88.07+0.74' 95.91+0.58" 91.87+0.27°  85.19+0.77°
PI% F2 Alanine 72.26+1.17°  71.34£0.72%  86.94+0.73°  84.41+0.18°  92.27+0.80°  70.13£0.43°  83.50+1.14°
bt 28 B2 Cystine 75.9240.65°  72.77+1.66°  79.55+0.58" 8221+3.74° 87.75+0.92" 83.57+1.61" 62.97+1.78°
H & Glycine 62.95£0.57°  52.26+2.05° 84.38+0.64° 74.06+028'  96.5+1.34"  80.03£0.50°  77.83+0.80°
& B2 Proline 51.7941.19"  69.83+1.50° 87.99£0.47°  82.09+1.91° 94.82+0.93° 81.66£1.39° 77.28+1.78°
22 % % Serine 51.26£1.55°  76.81£2.97"°  89.4+1.05°  79.3242.09 93.68+0.51° 81.94+0.35°  78.08+2.24%
it B, Tyrosine 71.31£1.30°  70.76+2.24°  81.23+0.96°  62.81+0.30° 87.91+0.57"  81.8+0.83°  62.75+2.28"
B M Total amino acids ~ 67.7240.48°  72.53+1.10°  88.0840.17°  81.84+0.24° 91.71+0.54" 83.71%0.20°  82.39+0.35
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IR, CVMA M ADCs i % 5 T HAh2H (P<0.05)
3 itig

HHT, ¥ 2 55 T3 B4 Y 8 A 0t BB 24X
b 1A BRI E IR O R BCA VRS R AL
2R, PR AT BE R H B 2 Y AR R R 3 A 5
Wi . ADCsIX — 485 A2 8 i TapRH A S48 b 1A &
VIR EEZkTt L, TR E 1 0k R} s pRp ) g I
A B AE AR 5, IR B 70% ) S Al
TR AI30% R 36 2 1 JF0RE LR, 2 1 J5UR) 4% A
B IR B ADCsBENS s 22 B Je I 7 B #6100 75 57
W5 ) ST AL O o

—H UK, EALEK (Cr,O) 2 M 5 it A= sh ) Fl
KWL Ak R f s P AR IR AR . SR,
Y0578 H P Sf A T W A AR (FE mg/kg i L N) B
AT L R T I ke ) X — S AR T Cr,05.
— LG SR M TR T Y05 AR,
UNAT 85 Oncorhynchus mykiss)©™ I &4 (Sparus
latus)[ss]o (R, FEART FEE Y, O/ MR L
R HNERR £ o
31 FHRFRIELE

T¥ i ADCs BRI 1 0 B A 2 9 J5URH)
SAREAWFI ST, BRI, T9) 5 ADCsH AN &2
EEG -Gk RER - AR,
CVMALH T4l ADCs i, 35 3 [ 68" A R
B PRI 9T ARk SRV /N BROE AN RE 1 o £F
YEZR O B2 LR 6] /N BRYEE AR T A MR AL, H AE )
o} i A% T AT e 2 AR R RE R D, B e N L)
WA o 3 Y AE Tibbetts S5 8 K 76 2 ik ) T
FEH A FIESE, fAR A I S5 /N EREE K BT
VI ADCs . 5 T R A AL B I /INER BN o BRART
¥ 5t ADCsit & 2 B ek} v A7 42 KB AN AT T AL
IR PEMALEI T# 5 ADCs B AR, 3X 7T fig 5
PEMAA AR i K 7> &8 k. Bl & H K
Z I E ST R, X K 1 3 A
9o &Sk (Sparus aurata)[“]\ H XS HF (Penaeus se-
tiferus)[m]*l] Je ¥ % 4k 1 (Oreochromis niloticus)[m]%
W4 KA R, Ko & BB = v BT B2 3L
E MRS ADCs F R [T, HIMZ MIMCMZ 1+
Y ADCs 5PFMAL A &% % 5 . Dumas®“ff
W FL S5 18 5 AT T AL, BT 78 3% BH SE K i OB i T
YIFiADCs 5 ok A W i 2 = . HIMAL 45
ADCSEAIE AT A4 T B A M L AL kL T
I 4h, StorebakkenZ!™ FH 3% 5 FA 3L BR B 85 (1 B A0 K
PO DR Ry BT 7T 3R B, MCMIE) T4 5t ADCs
AR TR o XX AT RE R A B A 1) 5 e PR R

VER 2SR A, (HIX TR LA T 2 O ok A
o — IR A BEFA(E. coioides) I 7L E T
25 Gl Rk JEURE 0 2R 0V 1k T 97T 45 SR B,
FEFFFAR T2 5 ADCsAH AR (61.48%), 3X 5 AH
FHI4E B CPCHI T 5 ADCs(58.22%) AT, 2 W
A A R R A A R A
32 MHERRWHELE

B AR RKE s B E K, HADCs
e EAER R AR E SRR BEARS
B HRERA RN E R EE SN E
FEE, TRl R = 06 TR B IR & S EUE AR
FHR% R e AT S AR K AR B, R TMMZL AN
HIMZH 4, FoAth 25 2H (ffH 25 1 ADCs#B7180.08%—
90.94%, ¥ 3 =1 T TMMZH(77.48%) FTHIMZH (55.49%),
X B A B 0 SR RN B K R B R
LA CIHALRE AR . N T stk i B R
FUEE A — 2 RJUT I, X2 RIS 522
B — R JEARIE, JUT R A AR A Ak
AR TR R ADCs ™ ™, Sane-
hez-MurosZ: U IR 7R, B HU 2R A L% A
45.00%—66.90%, & T K 2 kP & F TH AL 2,
XAReRlm FILT R 7 E A B NEAeR A .
BT LT AR, B AR e /K P b (s
B HE30%LL T, Huang5™ (1 5B B 7R,
HIM & 1R 10% 1 k) 00K 5 £ 353495 22 B I A4 B £
il FEARTE R I fE . IXEM, JLT RS &
X T B HUER [ 7E A B A AR R N IR R B
TR M, HIMA A 2 H ADCsiz ik T HAth
ORI A E k. HA RNz — Al Re R il &
(g 10 & B B . AW R I & B A
T3 P B O SR HADCS . A,
HIMZH Gl A R R 2 1 2 A bl A 6 it 56 H
JERMEAS 2 . DUER — L2 AL R BT R AR TR L —
FEFFI 4518 R R 2R T ADCs 5 JEORE R R HL 2R
SR 1Y N
3.3 FAPRERIRIIELE

1 2] LU RO R P B g et e A
e, TMM4L. HIMZH . CAPZLFIPFMZL (4 fig
i ADCs#l = T-80%. —SLHfF 7R, KIFEEXt T
HIM (KIS 7 ADCs % 8 (2978%)™), FITMMAR #
& SRR A ) fOR B RE 5 8RB BT ADCs$2
(>82%)"" . Ji R T BE A A BE £ 0T B2 UG 0 £ 9 A
B 7 LL R R 0T S 0T K 1 BB T 1 o )
#%(Pseudobagrus ussuriensis)" ({1 75 #5322 B, 2
W R BRI T ADCs BE R 2 2 B A 0 2 1 U5
W A ST CAPAL ARG I 5 i A6 2R 1 A o
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APPARENT DIGESTIBILITY COEFFICIENTS OF SEVEN PROTEIN SOURCES
FOR JUVENILE HYBRID GROUPER (EPINEPHELUS FUSCOGUTTATUS®? x
EPINEPHELUS LANCEOLATUS?)

ZHENG Chao-Zhong', CAO Jun-Ming”**, DONG Xiao-Hui"*’, CHI Shu-Yan"*’, ZHANG Shuang'*’,
YANG Qi-Hui"*’, LIU Hong-Yu"”’, DENG Jun-Ming"*’, ZHANG Wei'*’,
TAN Bei-Ping"*’ and XIE Shi-Wei
(1. Laboratory of Aquatic Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
2. Key Laboratory of Aquatic, Livestock and Poultry Feed Science and Technology in South China, Ministry of Agriculture,
Zhanjiang 524088, China; 3. Aquatic Animals Precision Nutrition and High Efficiency Feed Engineering Research
Center of Guangdong Province, Zhanjiang 524088, China; 4. Institute of Animal Science, Guangdong Academy
of Agricultural Sciences, Guangzhou 510640, China)

Abstract: The apparent digestibility coefficients (ADCs) of Tenebrio molitor meal (TMM), Hermetia illucens meal
(HIM), Clostridium autoethanogenum protein (CAP), Methylococcus capsulatus meal (MCM), Chlorella vullgaris
meal (CVM), Cottonseed protein concentrate (CPC) and Peruvian fishmeal (PFM) were determined in juvenile hybrid
grouper (Epinephelus fuscoguttatusQ > Epinephelus lanceolatu®). A basal diet (including 50% fishmeal) and seven test
diets (700 g/kg of the basal diet and 300 g/kg of each test ingredient) were formulated with 0.1% yttrium oxide (Y,03)
as an inert marker. The juvenile hybrid groupers, with initial average body weight of (9.95+0.50) g, were randomly dis-
tributed into 0.3 m? fiberglass tanks, each tank with 30 fish. The faeces samples were collected twice-daily by siphon-
ing following feeding fish after five days of domestication. The ADCs of dry matter of seven test ingredients were
ranked as CVM>TMM=CAP=CPC>HIM=MCM=PFM (P<0.05). CVM showed the highest ADCs of dry matter (DM),
crude protein (CP) and most amino acids (including methionine and threonine) except crude lipids (CL), whereas HIM
had the relatively lower ADCs of DM, CP and most amino acids except CL. CAP had a higher lysine digestibility than
the other six test ingredients, and was only lower than CVM in the ADC of CP. The ADC of DM in PFM was signifi-
cantly lower than that in CVM (P<0.05), and showed no differences with that in CAP (P>0.05). Besides, PFM showed
a lower ADC of CP than the ADCs of CP in CVM, CAP and MCM (P<0.05), and showed a lower ADC of lysine than
that in CAP as well as a lower ADC of threonine than those in CAP and CVM (P<0.05). Overall, this study showed the
advantage of CVM and CAP among the seven protein sources on the digestibility of feed available in hybrid grouper.

Key words: Apparent digestibility coefficients; Fishmeal replacement; Hybrid grouper; Epinephelus fuscogut-
tatusQxEpinephelus lanceolatus®
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