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Tab.1 Sources and descriptions of the test ingredients

w5 ERARK mLTZ PRI
code ingredients processing type supplier

FM RAb
EHCM RIS By At
EHFM RG#HE8 i
EHFS MgMfefi RS mgit

PERHTE L7 S A PR A ]
BRpUL A AR IR A
e i B AR B R A B )
LR & i LR A IR A ]

EHSP M KEHH B IR B A B A
FCM  KEERATHA KM X B R AE A M LA PR A ]
FSM KA 4 IR B A B A
ESM P KE izt KR AR A PR A 7
EFM  JALHER 1258 e i B AR B R A B )
HFM  K#FEH K KA R R A

HF KAk N kPG4 SR TR A F
Notes: FM. fish meal; EHCM. enzymatic hydrolyzed chicken meal;

EHFM. enzymatic hydrolyzed feather meal; EHFS. enzymatic
hydrolyzed full-fat soybean; EHSP. enzymatic hydrolyzed soy protein;
FCM. fermented cottonseed meal; FSM. fermented soybean meal; ESM.
extruded soybean meal; EFM. extruded feather meal; HFM. hydrolyzed
processed feather meal; HF. hydrolyzed processed fish meal, the same

below.

SEIGARRHAC J7 2 BR<70% FERIRRN30% 745 0
JEREP R BB, SRR LA AR
FEEAR, FRIEN KSR, ik, K
7 DIV IR B R B AR, FLTEARZH R LR 2,
i e FWIE A, BT A R AR N 1.0 g/kg
(0.1%) [ =84k =52 (Y,05) VERANBEIETERE R F
TRMRIE R B Kk o e 4R+ 8 sk
P C 7 B R AR IR A5, BRI AR

https://www.china-fishery.cn

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

5 1 +

By, B FPARSRECEEXT 10 AP R &R

FIEURLER 1 S S B R A UL VR AL 3 1 LR A 50 %

* 2 SSWAREERKEERKTE (FHR)

Tab. 2 Composition and nutrient levels of
experimental diets (dry matter) g/kg
JERE BERb AR S AR
ingredient reference diet test diet
iy fish meal 500.0 350.0
A1 soybean meal 200.0 140.0
FKVEH  corn starch 144.0 100.5
i fish oil 50.0 35.0
KEHIBEAR  lecithin 10.0 7.0
JIEHE®E  cholesterol 5.0 3.5
YL Z PR El  vitamin premix” 40.0 28.0
WY PR mineral premix® 20.0 14.0
R UERW CMC-Na 30.0 21.0
FAEL Y05 1.0 1.0
FEJEEL  test ingredients 0.0 300.0

H: DAEERTUREHE 100 g &4 S E 0.15 ¢, BRI
0.043 g, fHESLEE 0.007 5 g, HE 0.0625¢g, ML 0.025g, 2
503 g, HEMYWE 0225g, MR 03g, o-ABMLENE 0.5 g,
PR IER 0.5 g, HZEME 0.05 g, WK 0.005 g, STRIEFKFFER0.1 g
PABILRE 1 g, AEH o-2F4EFANE E 100 g 2)F PBHUREHE 100
g A MER A 21.5 g, TUKEALHT 0.015 g, EAAT 2.8 g, 7K
SALEE 0.024 g, —KBEERAR 0.143 g, ARG 0.14 ¢, BB A
$526.5 g, LKBRERE 0476 g, L/KBREREE 10.0 g, BAIRES 105 ¢,
PR 1 g, TR SN 10.0 g, BRALAT 0.023 g DUKELIRES 16.50
g He-2T4ERFMEE 100 go

Notes: 1) the vitamin premix provided essential micronutrients (per 100
g), thiamine hydrochloride 0.15 g, retinol acetate 0.043 g, cholecalciferol
0.007 5 g, riboflavin 0.062 5 g, folic acid 0.025 g, calcium pantothenate
0.3 g, pyridoxine hydrochloride 0.225 g, niacin 0.3 g, a-tocopherol
acetate 0.5 g, ascorbic acid 0.5 g, menadione 0.05 g, biotin 0.005 g,
paraaminobenzoic acid 0.1 g and inositol 1 g. The final volume was
adjusted to 100 g using a-cellulose as a carrier. 2) the mineral premix
formulation comprised (per 100 g), KH,PO, 21.5 g, CuCl,-2H,0 0.015
g, KC12.8 g, AICI;-6H,0 0.024 g, MnSO,4-6H,0 0.143 g, CoCl, 6H,0
0.14 g, Ca(H,POy), 26.5 g, ZnSO,4 7H,0 0.476 g, MgSO,-7H,0 10.0 g,
CaCO; 10.5 g, Fe-citrate 1 g, NaH,PO, 10.0 g, KI 0.023 g, and calcium

lactate 16.50 g. The mixture was standardized to 100 g with a-cellulose.

K2 30% W LB TK, Foribk 2 mmER, ]
XUZFF 7 5L (F-26 B, AERG BT R2%) ¥ T
BLELAE R 2.5 mm P TCPERURL IR, ARDRER AU &
T 60 C A P T =K F BT 10%,
BHIEBE Y, T-20 C kAP IRAE& . 52
A RHE IR I e R L A L 2 3

1.2 SEzFiAFEIE

AR LAEAR IS R AL s )8 PR bl &
HEVE GEHES . £20190101), SEUFH el B i (1
M) A S W S R b SR e . S5 T IR

B, TEANERKRGETEI 1, AR
BlVARDRE, DA 3 1 77 4 PR B8 B Ok iRkl . BT AR
SR, BEEUARARMEOH: B ACGT A HOAS R SR
MK [WIIR I (125.0 £ 6.1) g], FEPLAME & 36
ANBEIEFRFEET (300 L) Hr o ik 12 M0 (14>
FERbRRL + 11 AR ER D), A3 ANEE,
BAELE 6 W, Nk h o8 B 43 I F ik
SO SEYG, 45 TG BT N CE LR AR R Bk . 52
gE], A H T 08:00 A1 17:00 4% 1%k, HE%
W AN AR TR 1Y) 3%, FR AR 5 £ 17 100 S B T i
B, BOARERE 1 h WA EERIE, A K
R E KRR, TE = NAEFR K R G s 4 i K
i 7K 23~26 °C, pH7.5~8.5, WA >6.0mg/L,
FA <02mg/L, WAHMRER <0.05 mg/L, St
Wik A SRGHR (121 ¢ 12D),
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FHAT WA W, I FH 28I K e B LA 25 bR e T
B ) TCHLER S ot o WA A S (5 A ot 2B A VR A7
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GBI —MNREHE, A LIA R L #1758 H Ik
&, HErZ80d, ARUWERIERFESN . AR
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JERE L Ak B S A 0 A o o BT S R
PR AT o KA R A 105 °C HE TR
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SE s RO EERI 550 °C Dy RHEHR/R B
A BRA R Hbeikig ; 2 Em & m A H 4 A 2R
FEFR MY (L-8900, Hitachi, H AS) Mll5E , 2B T2
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Tab. 3 Proximate composition and amino acid profile of the test diets (dry matter basis) %
i H

tom FM EHCM  EHFM  EHFS  EHSP FCM FSM ESM EFM HFM HF
HI%H  crude protein 55.43 48.93 51.66 38.53 4221 4260 4399 3793 4843 60.07  42.98
FAEWT  crude lipid 13.63 12.96 13.64 19.32 14.52 12.76 1433 19.37 12.78 1266 2490
K4y ash 13.61 10.79 11.08 10.92 11.99 12.52 11.86 10.59 12.00 9.96 10.84
RAER  Asp 5.14 4.34 5.01 1.76 443 3.79 3.97 3.42 457 5.11 4.12
HEE  Thr 224 2.08 1.66 1.28 1.53 1.53 1.59 1.49 1.82 2.07 1.37
SR Ser 2.16 1.85 2.16 1.43 123 1.64 1.68 1.43 1.92 2.19 1.76
BEER Glu 8.48 7.00 11.77 7.43 495 7.17 6.82 5.65 7.87 9.70 9.78
H&#E Gly 3.12 291 2.16 1.17 2.19 2.09 2.02 2.09 231 2.82 1.77
WZER  Ala 3.65 3.63 227 2.76 3.01 2.36 2.41 2.44 2.78 3.23 1.89
FMEER  Cys 0.44 0.36 0.62 0.48 0.79 0.38 0.36 0.28 0.42 0.43 0.54
HE g Val 2.70 2.48 2.40 1.66 2.67 1.91 1.94 1.80 2.23 2.59 1.99
HAM Met 123 1.48 0.29 0.41 1.17 0.63 0.53 0.74 0.57 0.74 0.30
HHER e 2.56 2.35 1.80 123 2.33 1.70 1.95 1.75 2.23 2.35 1.51
FEM Leu 4.43 4.04 3.34 4.56 3.82 3.03 3.30 2.98 3.78 415 2.78
FE% R Tyr 1.71 1.65 1.30 1.08 1.16 1.15 1.24 1.10 1.43 1.47 1.14
HKINEIR Phe 2.58 223 3.19 1.77 2.05 2.09 2.03 1.75 2.33 2.87 2.65
WEEE  Lys 441 4.34 2.87 1.09 3.45 2.96 3.18 3.02 3.65 4.03 2.33
e His 1.65 1.64 1.57 1.00 1.13 123 1.15 1.10 131 1.65 1.28
WEig  Arg 3.43 3.03 6.70 1.47 1.71 3.40 2.56 2.25 2.95 4.49 5.60
%  Pro 0.39 0.29 0.02 0.54 0.24 0.19 0.20 0.33 0.16 0.13 0.02
Bt total 50.31 4571 49.13 31.11 37.87 37.23 36.94  33.61 4234 50.01 40.82

B TR KR B EIE Y (Optima 8000, PerkinElmer, 5%
=) P 5E o
MR Cho 5" (7%, THETW i S & W05
T I FRIIE L% (ADC):
ADClict (%) = 100 X [1 = (Ydiet X Neces ) / (Yeces X Niet )]
ADCingr (%) = ADClegt_giet +[(0.7 X Neer ) / (0.3 X Ningr )|
(ADCiest diet = ADCret gict )
A, NAREERN SR, YR =8A
¥ % 5 TR diet, feces. ref, ingr. test diet.
ref_diet 70 HIAURIRL . FEME | JLatiimeHRE £F
st SRR A Bl AR R
AL 1 P RS A S B
ARG DL, AT E SC T TH AR W 22465 (DDI) -
DDI = ADCcp—ADCayg EAA
K H, ADCep 2 iR HL AR 1 R AL 3 (%);
ADC g pan H 9 P AL 5 Z HE R (Thr, Val, Met,
Ile, Leu, Phe. Lys. His. Arg) AYF 148 W iH 1k
B (%)o ZEMEHMIEME R MHE FHAR S T2

PR A A, SRS AH S o
1.5 BERESHh

Bl A4 + AR 2% (mean + SD) R, fiff
FH SPSS 24.0 Hx4F 47 51 R 2 J7 22 0 T (One-Way
ANOVA), ¥ Hi#E4T Shapiro-Wilk 1F 75 11 #5 56
F1 Levene J5 2255 K56 . 2H 0] 22 72Kk I Tukey EX
HSD LT 2 & AL, WEMAK TN P<0.05,
AN, R RIES (4.1.0 lUA) 19 FactoMineR F1
factoextra f0 X 11 Ff R} 19 05 75 E B R T4 1L R 5L
W4T E R4 HT (PCA), HITHE PCL £ 15
415 DDI Z [f] [ Pearson #H& R %K.

2 R
21 SRENOTOR. BE A RAKH R
i

FAR X 11 RS R T B, R
F1LCRLE 197 2 W AL R (ADC) A7 1F 2 1 22 57
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5 3 T, &5 PAEGRESEENT 10 MR I R IR AR ) A U IR 3R WV A R LA 50 %
(P<0.05, £4), T, XL Mk LA (34.97%), BEMKT AR (P<0.05).

WIHARN 72.74% . K ERBFFRT (90.93%) . 7K fiFk
Ky (89.99%) FIIZ AL K E (88.61%) [T iK1k
REER T AH (P<0.05); BEHEPTH (84.22%)
FE R 48 K5 (81.22%) i THaky, HIC R
PE2ZER (P> 0.05); BZALPIEH (61.02%) FIAK P
EH (47.33%) W EART Ry (P <0.05), Hrk
i P B 1 T B AL R R IS BT A Al R
(P<0.05),

R4 PEGEENIEFRATYR. AEBEMAERLN
R RILELR (FHIEE )

Tab.4  Apparent digestibility coefficients of

dry matter, crude protein and crude lipid in test

ingredients for E. sinensis (dry matter basis) %

J TR

ingredients dry matter

MEH

crude protein

HLUIR T
crude lipid

ol M 7274+ 1.83% 88.46+1.11™ 76.19 +2.04°
FEfRAS PRy EHCM
Egf#HE¥ EHFM

Ef4fle kS EHFS 81.22+4.39™ 65.11+1.73" 74.19+7.26°

72.67+4.19% 92.80+0.38" 34.97+0.81"
84.22+ 1.65° 84.01+1.63° 53.90 +0.69°

Eif KGR EHSP 66.78 +£5.62% 86.98 +0.33% 45.86 +3.95"
REERPFR FCM
REESH FSM
RS ESM
AL ER  EFM
KFEFIER HFM
Kf#Efl  HF 89.99+0.06"° 69.22+0.28° 85.28+4.87"
e AR R AR RS R R AR R B R (P < 0.05).

Notes: Values in the same column with different superscripts are

90.93 £2.39" 83.66+0.83° 41.82+3.08"
74.14+3.31™ 85.63+1.99 37.26+0.85
88.61 +0.06° 62.95+2.39" 78.37+3.88"
61.02+0.27°  90.77 +0.64° 49.29 + 7.05%
4733+599" 6528 +4.43" 50.44 +3.62%

significantly different (P < 0.05).

FEALEE (O T, R R B R UL LR
H 88.46%. T fifk X5 A B3 (92.80%) F K% Ak P E 3
(90.77%) HYHL 2R F AL 3 5 ol T M 22 R
(P>0.05), RIS MM S 09THILRRE . A
KTHEF (86.98%). KT (85.63%). Mt fifk Pl
EH (84.01%) S K TERRFF R (83.66%) Y TH 1L 3 B
BEAIK Ty, (H22 570800 81 (P> 0.05), ik
K (62.95%). KiFPFIEH (65.28%). Mk 45
K5 (65.11%) FK AR (69.22%) BT AL ) &
FRT K (P<0.05), 7EHARH T, kR
WLIH AR 76.19%. K il by (85.28%) FIIZAL K
(7837%) FI L E A H AL R, S M
(76.19%) TG 5t 25 Pk 25 5 5 Tl A X0 PRy (%) KL A 017 97

22 SBEMNEERELL LR

DL SR IR, 45 TRURH ) 20 75 22 i iR 4 UL T
R IEAE B ZE R (P<0.05, £5), X TiE%
VR 55 — R il 1 Z LR 1 Met, fERY BT 1L R A
97.91%. [ fift X9 P By (97.16%) F1 i firt 4= g K
(96.84%) 5 faky Jo 22 7 (P> 0.05); MK fi
PEM N EARFE TR (6521%), BERT
K (P < 0.05), XF T Lys, fak itk %R
93.45%, M KT (97.47%) 5tk Jc i & P
S, MK R KK (46.45%) N i RS P RS
(62.59%) W i Z AR Tk (P <0.05), {HAERER
J&, TR RRHI A LR T AR S O i AR
B ENA—BE, UK E B, REH
FLEE A LR B E KT FK) (62.95% vs. 88.46%,
P <0.05), {HH Met (94.35%). His (95.08%). Lys
(96.78%) K Ala (93.69%) 4 2 XL 1H 1k 5 15 4 15 7F
90% LA LR EAKE. BEAk, Fval (77.67%) Fil Leu
(83.09%) HAK T~ 1 K5 (Val 83.84%. Leu 86.05%),
HAT B2 T B % X B (Val 61.68%. Leu
62.30%) Fll % BERRAFHT (Val 52.91%. Leu 43.23%)
(P <0.05)

23 WEFEBRBEUERNNERD T

Xt 11 B RO 20 75 SRR T AR T A 43
W, SERANEE 6 K IE 1 TR . BRI R B
BB T M7 251 86.4%, PClIREE T 64.3% I
A8 5, FEH Thr (A7 52 40-0.399). Leu (—0.390)
Fl Val (—0.383) AF 2 FEMR 1Y £ ] A Dk, 56 — 3
Ay (PC2) M RE T 22.1% (0785, Hirh Arg (0.599)
FEI B 1 IE M B fr, T Met (—0.598) U 2% B
AR 7 AR . 7F PCA 18438 |, JEURME B
A Y SRS R TR RE R A 8 A A PR A o7
T PC1 Y IE 5 v AR Y S 55 R IR TH AL )5
TR . R AR SR B R 2 8 L0 T PCL AR
Yy OGN 5 e 1) S S R TH L)

24 MHEASTERBEUERNERITMN

HR A 2 25 A0 T A3 O 25 T B s R an sk 7
K 2 iR o AN TR OB B0 M O ) 567 1) ) 25 5
O3 o B AR TRR I R A RF AN 2 B B K Y IE
225, 22 5E53 90 30.36 F1 26.97(HIHLEE 71
AT = T 2SR PR bR 3%
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OTOFHY IL 08 TFIO6L  SESTFESLL FSIF00T8  9E0FS60L  ,880F0C9y  LEITFHYTL WL60F8E I8 L OETFSS6L 9T 0F68°€9 90°TFC1'98 AL S
LT'0F8L 06 ST TFYSL WOLLFLY' L9 LV VFO Y DE0FI6SL pEL0FIY" 65 299 TFPECL SSOTFES LY $6°0FS6'C6 SV OFLS ¥E p16°SFS6°09 SO Wk
LE0FOS6L  LTTF6'LS  L0SHF69'18 FUIFOOE6  SEOF6SIL  SLOFITLS  v0'1FS0'68 89°0FFP'S6  LTETFIOTS 61 0F6£9L CETFEYTH eV #E
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Tab. 6 Loadings of amino acids on
the first two principal components from the PCA of
amino acid digestibility patterns
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HEARE His -0.347 -0.171
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HEM  Met 0.042 —0.598
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Fig. 1 Principal component analysis of essential amino acid digestibility patterns colored by processing technology
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Tab.7 Principal component scores, processing types, and digestibility metrics for
eleven protein sources tested in E. sinensis
JRR PC1 - Tz A A AR/ % W5 T B R T S A2 /e THAE R ZE TR
ingredients processing type CPD AEAAD DDI
EHCM 3.72 —1.47 Fig i 92.80 62.44 30.36
FCM 5.37 1.11 R 83.66 56.69 26.97
FSM 0.75 —0.34 K% 85.63 74.29 11.34
EFM -0.58 -0.13 (24 90.77 79.65 11.12
EHSP —-0.88 -1.88 Fig i 86.98 80.78 6.20
EHFM -1.43 2.35 1ty fie 84.01 81.17 2.84
FM -2.28 —0.73 KT 88.46 87.18 1.28
HF -0.50 1.68 IK ik 69.22 78.00 -8.78
HFM -1.47 1.41 IK i 65.28 80.19 -14.91
EHFS -1.00 -1.02 1ty fie 65.11 81.61 -16.50
ESM -1.70 -0.97 ;204 62.95 84.74 -21.79
2
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Fig.2 Correlation between PC1 scores and digestibility discrepancy index (DDI)
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Comparative study on apparent digestibility coefficients of crude protein and
amino acids from ten novel protein sources in
Chinese mitten crab (Eriocheir sinensis)

WANG Song, YUAN Donghao, CAO Ziqi, ZHANG Lianjie,
WANG Xiaodan, CHEN Ligiao ", LI Erchao *
(School of Life Sciences, East China Normal University, Shanghai 200241, China)

Abstract: The global shortage and rising cost of fish meal have driven growing interest in novel protein sources for aquafeed.
Advanced processing technologies, including enzymatic hydrolysis, fermentation, extrusion, and hydrolysis, have enabled the
production of various deeply processed protein ingredients; however, their digestive utilization in aquatic animals remains
insufficiently characterized. As a commercially important crustacean, Chinese mitten crab (Eriocheir sinensis) possesses a
digestive physiology that differs fundamentally from that of fish, and the direct application of fish-derived digestibility data to
crab feed formulation can lead to substantial errors. However, systematic digestibility data for novel protein sources in this spe-
cies remain scarce, and whether crude protein apparent digestibility coefficients (ADCs) can reliably predict amino acid avail-
ability in highly processed ingredients has not been empirically examined. This study aimed to evaluate the ADCs of ten novel
protein ingredients in Chinese mitten crab and to investigate the discrepancy between crude protein and amino acid digestibility

across different processing technologies. Ten commercial protein ingredients were tested against fish meal (FM) as the control,

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries

12


https://doi.org/10.1080/1828051X.2023.2184277
https://doi.org/10.1186/s40104-022-00728-w
https://doi.org/10.1186/s40104-022-00728-w
https://doi.org/10.1186/s40104-022-00728-w
https://doi.org/10.1111/anu.12644
https://doi.org/10.1016/j.aqrep.2020.100328
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

53 Tookn, S PRGBS 10 MR AR PR R B R R R AR L AL AR A LR AL 50 %

including enzymatically hydrolyzed chicken meal (EHCM), feather meal (EHFM), full-fat soybean (EHFS), and soy protein
(EHSP); fermented cottonseed meal (FCM) and soybean meal (FSM); extruded soybean meal (ESM) and feather meal (EFM);
hydrolyzed feather meal (HFM) and hydrolyzed processed fish meal (HF). Male crabs [initial body weight (125.0 + 6.1) g]
were assigned to 12 groups (3 replicates, 6 crabs each). Using yttrium oxide (Y,03, 0.1%) as an inert marker, ADCs of dry mat-
ter, crude protein, crude lipid, and 17 amino acids were determined via the 70% basal diet + 30% test ingredient substitution
method, with fecal collection conducted over 80 days. Ingredient type and processing technology significantly affected all nutri-
ent ADCs (P < 0.05). Crude protein ADCs ranged from 62.95% (ESM) to 92.80% (EHCM). EHCM and EFM (90.77%) were
comparable to FM (88.46%) (P > 0.05), while ESM, HFM (65.28%), EHFS (65.11%), and HF (69.22%) were significantly
lower (P < 0.05). Notably, amino acid ADCs did not consistently align with crude protein ADCs. Despite its lowest crude pro-
tein ADC, ESM maintained ADCs above 90% for methionine (94.35%), histidine (95.08%), lysine (96.78%), and alanine
(93.69%). Principal component analysis of essential amino acid digestibility explained 86.4% of total variance, and PC1 scores
were significantly correlated with the digestibility discrepancy index (DDI = crude protein ADC — mean essential amino acid
ADC) (r=10.796, P =0.003). EHCM and FCM exhibited the largest positive DDI values (+30.4% and +27.0%), indicating that
non-protein nitrogen substantially inflated crude protein ADC relative to actual amino acid utilization. Conversely, ESM
showed the largest negative DDI (—21.8%), demonstrating that crude protein ADC underestimated its amino acid utilization
potential. In conclusion, EHCM and EFM are high-quality alternative protein sources for Chinese mitten crab with protein
digestibility comparable to fish meal. This study reveals that crude protein ADC is an unreliable predictor of amino acid avail-
ability in deeply processed ingredients. It is recommended that amino acid-based digestibility data be incorporated into feed for-

mulation systems to correct evaluation biases introduced by processing technologies.
Key words: Eriocheir sinensis; novel protein sources; apparent digestibility; amino acid digestibility
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