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1.1 X5t

B i A IR 2R (L — 75 2R ) PR I3 R
(BLBAb B 2l DU A5 A BB PR Rl R 2
% Teshima %" 119575 , R R AU €13 (HPLC)
TEDNE A IR AR I R IR = R Y 5 4, 5

DUE 53518 99. 21% F1149. 82% Bl 2 Fhigs e},
RIAE SRR DA o3 A N SR AR 95 28 B A e 75 R
I 2R & i (THRH) 34358 1. 25% [ 2% NRC
(1993 ) 10" el il 45 G R s A ] o IRIR AR R P R A
ZRVIS) HA A 5 Z B IR AT 32% 4 9P XS H
SRR TR N T R S 2 R LI A
HMRINERTERSHEALR S LT YRS R
L8 QIR DR R S W R il - 287 I A |
6.0 mol/LIE A /b4 (NaOH) 8% pH % 7.0, K5
Fi I8 Tibaldi 25 (77 Wk UBORCRS , %8 T —20 C
kAR A o IR RDRHH B B K LR 1,

F1 ARAMARKRESKE(TFYRERM)
Table 1 Composition and nutrient levels of the experimental diets (DM basis )
24 5] Groups
CEPix=Nivy

Microencapsulated threonine

AR R

Crystalline threonine

i H Items

Jik} Ingredients/ ( g/kg)

4725 9 Casein 175.2 175.2
HA IR Gelatin 43.8 43.8
DTS B R TRk Essential amino acid premix’’ 83.5 83.5
T S LR TR K Non-essential amino acid premix®’ 84.8 84.8
a — JEM a-starch 205.9 205.9
FKIEH Corn starch 280.3 274.8
I F| a0 Chile fish oil 28.0 28.0
il Soybean oil 18.9 18.9
WY R R Mineral premix® 10.0 10.0
Y Z PRl Vitamin premix® 10.0 10.0
IR — 455 Ca(H,PO,), 22.3 22.3
AL EEK Choline chloride (50% ) 1.3 1.3
A Ethoxyquin (30% ) 0.5 0.5
#I4: 2 Cellulose 30.0 30.0
SARTRE R Crystalline threonine 5.5

e & B2 Microencapsulated threonine 11.0
411 Total 1 000.0 1 000.0
B 77K Nutrient levels/ %

B IRE R Total threonine 1.25 1.25
HEE R CP 32.00 32.00
HLIEN; EE 4.75 4.75
o =3 IR w-3 fatty acids 1.00 1.00
o —6 fI5lZ w-6 fatty acids 1.00 1.00
A3 AP 0.60 0. 60

D /T35 Ak One kg of diet contains : #iZ4[i2 lysine 14. 67 g, B %2 methionine 6. 23 g, {42/ tryptophan 2. 63 g,k
W2 arginine 12. 43 g, 7 R leucine 14.42 g, 554 iR isoleucine 8.99 g, ZE N & ik phenylalanine 10. 45 g, 2H %2 histidine
3.90 g, %% M8 valine 9. 78 g,

15T vkl &4 One kg of diet contains: L — (N4 Ji? L-alanine 20. 8 g,L — A% R L-glutamic acid 20. 2 g,L — KA %R L-
aspartic acid 35. 6 g, L& R cysteine 1. 18 g, [i% %8 tyrosine 7. 02 g,

DG T-3Li@ % &4 One kg of diet contains; FeSO, - 7H,0 (19.70% Fe) 76.147 g,CuSO, - 5H,0 (25.00% Cu) 1.200 g,
ZnSO, - TH,0 (22.50% Zn) 13.334 g, MnSO, - H,0 (31.80% Mn) 4.089 g,KI (3.80% 1) 2.897 g,NaSeO, (1.00% Se)
2.500 g,CaCO, 899.833 g.

DG AE ZEHUR R A4 One kg of vitamin premix contains; VA (500 000 TU/g) 0. 800 g, VD, (500 000 TU/g) 0.480 g,
VE (50% ) 20.000 g, IV & R S AR 2508 MNB (50% ) 0.200 g, FiJlzZ thiamin nitrate (98% ) 0. 063 g, %2 riboflavine
(80% ) 0.625 g, Mt pyridoxine hydrochloride (98% ) 0. 755 g,VB,,(10% ) 0.010 g,VC (35% ) 19.029 g,D —iZ 845 calci-
um-D-pantothenate (98% ) 2. 511 g, XH L% niacinamide (98% ) 2.857 g, D — 44 % D-biotin (20% ) 0.500 g, JJLE% inositol
(98% ) 52.857 g, folic acid (96% ) 0.521 g.
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1.2 REERFEAFEE

RIRTE P My K7 B8 SR BT K AR 2h )
BRI T, e A 01 8 R T A
Yy, W 1 J5 2R AT 4 J8 3 I PR R 57 IS T 4R 1E =X
SRR . K 300 B4R K (13.61 £0.02) ¢
Ff A AR BENL > 2 (B4 3 AN EE , B0 E
5250 F2) , 43 V] RS o A 5 A R N B O A TR
IR b, R 3% 22 78 R K R Ge kAT 5%
B, VAT & R B SR T KR AR (K x B8 x & =
90 cm x30 cm x40 cm) A1, KGR RIENE 6 Ik,
RIS 60 d. XI5 R) WA A K 5T, B K H BT
JERR 12 h, KR AT pH 43 0 R HF7E (25 £10) CTHI
7.0 +0. 3,
1.3 HmksE

BT 0 7 R B0 T 4 F A 6 25 RS 43 i AR
FEiE SR A AR A R . IRIR T AR AT AE
55 R HLEERE 30 B fa v AR A7 H T 0 fi A4
GG IS S TR R 5 B A R A7
TLRMARBLT 538, AR B G3 53 BT 07 1: 2 7% SCik
(23], WA, YUK 12 h 5 REET R 15 B
f], o B A T B A VLA, R E S 7R R U
B, ARAFAE =70 CRY VKA T, T & R
(TPC) Fa BRI 25 (1 Jit & 5t (HPC) M Jlg i | JHF e e
FILPRAH S BTG 1 S8 AR DN 2 o BT ) BEHE 5 R
i, Sy B, 2% Lin 52 107 0 Hop K
B BE B . BeJa 1 IR 6 h J5, 4 i dm]
MRS J I T e % 5 8 fa R KGR I, — 3 43 ik
BAEFF 40 W e ab B B0 R, 4 TR LD
(3 000 x g)15 min J5 7 B 22 1ML 3% P i 2R B, 55
— o M AE A B LA BT 4 CUkA kR
7,4 CTEL(3 000 x )15 min J5 43 B LT , 73255
—20 CORAEREM I 3 rh 75 55 2 i (GOT) F N
R (GPT) (5 1o LAVKVR A= BLER K A 573K
A0 I, R 75 08 4 A e g R RO L UL PR AE
SRJG 4 TELL (6 000 x g)20 min, Y4 FIER. W
A I BRI i 2 F1 S 7 0490 2% Hummel ™ 1
7, W BRI 08 T I 0 (90 5 2 % Purne 451
Mo 45 W BOws B2 i ( AKP) |y — 2 S Bt 4%
Jik i (y-GT) Ml Na*, K*-ATP iff (Na*, K*-AT-
Pase) % 1 1 52 43 5 2 % Bessey 45" Rosalki
251251 MeCormic™” 6 75 ¥, o 3t 0 JHF g JU 1) 2
1% 5 1R A Bradford ™ 17535 . FIBEE L JULIA) i

LT HA A A 5 R P S 15 7 249 Pt
SHEATINE (idGR) £ i BITKT i PRI A FR 2 w2
He) , i 2 b U BE 1 5 5 % Tandikied % 1
Tk
L4 H&EAK

TR AR (FCR) = fr it (g) /g HE (g) ;

FiE A2 K R (SGR, % /d) =100 x (In ZR A
= - In WA /X5 K ELG

HHEFHCR L (PER) = H (g) /& A A

H(g);

BEHMUUREE (PPV,% ) =100 x (K3 [ &
(g)/EHFHAR(L) ;

BRI TR 2% (LPV, % ) =100 x {4 fig JJij 3 &
(g)/ Rt #(g);

JHAFE £ (HIS, % ) =100 x IFfEENE & & (g) /1
H(g);

Rt £ (ISI, % ) =100 x 7B H i (g) /R
(2)s

4640 (RGL,% ) =100 x I (em) /KK
(cm),

1.5 FEBEIMNEREZRNNE

2:7% Lopez-Alvarado 2 (1 J7 1 43 51 I 52 &
AR5 2 R AN A 2 U5 A R AE 15,3045 .60, 75,90
105,120,180 F1 240 min IR SR BE TR AR . ELAK
EEVET R B 50 mg 11 f R B0 O R TS
H, A 10 mL BER 22 #hi (25 mol/L,pH 8.5) , ]
BRI IEFRHED) , 76 25 C R AWRY , 7
SIAE bR A] 55 i (DB 4ESLAR 0. 45 wm) J5 A
T— R, 3 H HPLC 350 Hoh i IR s R 1 o
1.6 HIELESST

I 25 R U B E + bRl 2 RO, R A
SPSS 11. SXTEHEIEAT ¢ K, HL AL ) 1) 22 5 i 2
P, DL P <0.05 fE R 22 5 B & MR W

2 % R

2.1 RSB BN RS KA
Fh 4 2 T, AW O 95 R 0 R

AR A L 3 8 T B IR R 1 4

(P <0.05) , 2 [ 5 UL B R I U0 B th 5L B

RIS BRI R AL BB 1 AR AR 1L

55 AR R R LI 22 R .25 (P >0.05)
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Table 2  Effects of crystalline or microencapsulated threonine on growth performance of
juvenile Jian carp ( Cyprinus carpio var. Jian)
2} %1 Groups
i H Items AR IR R € Pix1d
Crystalline threonine Microencapsulated threonine
Wt AR E IBW/ g 13.62 0. 02" 13.60 £0. 02"
KR E FBW/g 50.00 £0.95" 53.43 £0.61°
HEH Fl/g 56.52 1. 04° 59.64 £0.36°
TR B3 FCR 1.55 +0.04" 1.50 £0. 03"
KR SGR/ (% /d) 2.17 £0.02° 2.28 +0.02°
HH BRI PER 2.03 £0.05° 2.11 +0.03°
HAFUURE PPV/ % 30.88 +0. 54° 32.49 +0.67"
NEWi TR LPV/ % 158.35 1. 70" 176.75 £6.94°

TR AR AR NG TR R 22 5 35 (P <0.05) o R,

Values with different small letter superscripts in the same row mean significant difference (P <0.05).

2.2 RO SR X 4 2 62 AT B AR AL P9 A
I 7E P A ERE R EIN A WSS ) R 3R &R ER
A

JFFIRAEE | JILPA) 1ML 355 2 2 S il AR TR e
i g S AR A P WL B0 ot T R 4 4y st
JTPIBRHIE A AL IA) Fp A 5 A 2 I A DR S TS 3%
FR TR RRA (P <0.05) o M, f AR
S R 4y BT P ) A B e R TN e S
1R FAR TR ERAL (P <0.05) . BLoh, ik
G SR 2 4y L e P 2 T L B A TR A IR L

x3

The same as below.

T9.6%,5RR%(P<0.05),

2.3 BAESRETD BRI 40 E 82 E LR RE S Y
=21
2.3.1  p RS IR SRR N 4 A TR A B K

A BRI K B T R R O A
FREUIR2 M

FE 4 TR A 3 TR L 40 S ) T g U
B & S IDes = O 7B NN 778 S (o5 VR T4
R A B4 S 2 T A IR &R ZL (P <0..05) o

HH

RRR S IR T S ER T 4 2 SR AT R AL AL A 0 ML T B B RS W SRS I R MK &R ERI R0

Table 3 Effects of crystalline or microencapsulated threonine on activies of glutamate-oxaloacetate transaminase and

glutamate-pyruvate transaminase in hepatopancreas, muscle and serum as well as plasma ammonia

concentration of juvenile Jian carp ( Cyprinus carpio var. Jian)

2H 5] Groups

i H Items

AR IR R
Crystalline threonine

[CESDINEN

Microencapsulated Threonine

JFFENF Hepatopancreas
B GOT/(U/g)
WINFE B GPT/(U/g)
LA Muscle
B GOT/(U/g)
BB GPT/(U/g)
Ifily Serum

BRI GOT/(U/g)
BB GPT/(U/g)
1fil 3% Plasma

% Ammonia/ ( wmol/L)

4 451.
1 062.

3 488.
1 052.

15.
4.

1 470.

37 +162.28°
21 £21.51°

33 £162.28"
59 +26.35"

62 +0.59"
70 £0.31"

00 +58.80°

4 237.
1 014.

36 +122.00°
23 +40.10°

12 £185. 34"
67 £42.87"

3 210.
1 004.

75 +1.40°
88 +0. 24"

29.
4.

1 340.64 £64.41"
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Table 4  Effects of crystalline or microencapsulated threonine on weight and protein content of hepatopancreas and intestine,

intestine length, relative gut length, hepatosomatic index and intestosomatic index of juvenile Jian carp

( Cyprinus carpio var. Jian)

i H Items

24 5] Groups
R TR R R AT AR
Microencapsulated threonine

Crystalline threonine

JT g # Hepatopancreas weight/g 1.51 £0.13" 1.83 +0.15"
JF&+5 % HSL % 3.01 £0.21° 3.43 +0.16"
JF I 2 11 5 & & Hepatopancreas protein content/ % 6.93 0. 32" 7.42 £0.14°
J#EE Intestine weight/g 0.90 +0.10* 1.06 £0.07"
%1 Intestine length/cm 18.08 +0.87* 20.95 +1.25°
WA % 1SU/ % 1.83 +0. 09" 1.96 +0.09"
%7 B &1 Intestine protein content/ % 7.32 £0.39° 7.85 +0.20"
K- 45%r RGL/ % 1.50 +0.05" 1.62+0.11°

2.3.2 A SCRCRE R RN 4 i A B B A BE R R e i S o B i) L MR S PR A

5 PR R )

13.0% F115.5% (P <0.05) , 1M J5 iz 0% B o5 B 441 [

M 5 AR S IR I BB R s, o ERARE(P>0.05)
IR Z JE WA o 4 IR) LR I, TR IR A TR 2 4

RASBEASBRN Y REEHREESEHIIN

Table 5 Effects of crystalline or microencapsulated threonine on fold height in different intestinal segments of

juvenile Jian carp ( Cyprinus carpio var. Jian) pm

i H Items

2H 5] Groups

Hif# Foregut
iz Midgut
J& ¥ Hindgut

AR R TS AR
Crystalline threonine Microencapsulated threonine
739.6 £27.0° 853.6 +24.6"
425.4 +16.2° 491.2 +£19.0°
417.6 +15.3° 434.2 +20.1°

2.3.3 ALK IR R X A AT RE A LA R A 8 S T R AR =R

THAL RS T 1Y

(P <0.05) , T AT IR Mk 10 38 U A3 T LA ST Jf A

H13% 6 AlA, e IR BRI e A B T s R RS S Al 2252 AN 3% (P >0..05)

AR R B R 3 7 SR Xt & 3 8 T AR A 70 B i O 1L Bl R IR

Table 6 Effects of crystalline or microencapsulated threonine on digestive enzyme activities in hepatopancreas and intestine of

juvenile Jian carp ( Cyprinus carpio var. Jian) U/g

i H Items

24 5 Groups

A IR 2 R [CE BIxAVTA

Crystalline threonine Microencapsulated threonine

AT Hepatopancreas
JiRZE [ A Trypsin

fiE T Lipase
JER B Amylase

1718 Intestine

Je3E F 1§ Trypsin

g Vi Lipase
VERYEE Amylase

2.56 +0.12° 2.72 £0.09°

615.67 £48.01°
1810. 17 +38. 65"

2.75£0.10°
332.20 £22.15"
1 202.26 £51.53"

642. 24 +44. 29"
1827. 69 +35.08"

2.93 +0.14°
372.06 +18.53°
1213.44 +17. 30"
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20304 i A SRS TR &R N A i A i B
Na™ K" -ATP G £ DR Ay — 4 I 5% KT
Loyl

y — AR IR I3 13 8 T AR TR R 41 (P <
0.05) o i M5 R TR AL AT I v — A4 2 It % Ik i A1
Na™ K" -ATP [ 1A 8T ilcdle S IR 4L e 4,

HIZ% 7 Al A, B 9 R R A 4y el i A L s
Je T PR LA S Pl s Na ™ K™ -ATP [iig il

HERAERZE(P>0.05),

KT BUESIHEFESBRNHEEZGE Na” K -ATP B Gt BERERT v - B S RKERE 1R 00
Table 7 Effects of crystalline or microencapsulated threonine on activities of Na* , K*-ATPase, alkaline phosphatase and

v-glutamyltransferase in different intestinal segments of juvenile Jian carp ( Cyprinus carpio var. Jian) U/g

21 %1 Groups

PR AR

Microencapsulated threonine

SRR
Crystalline threonine

i H Items

Na® ,K*-ATP Jiff Na* ,K* -ATPase

Hil% Foregut 218.60 +15. 64° 225.37 +12. 55"
H i Midgut 230.49 +17. 29* 259.76 +13.87"
J5 % Hindgut 117.07 £8.31° 139.94 £8.91°
TR AKP
Hi % Foregut 18.83 +1. 75 23.63 +0.59"
W% Midgut 12.12 1. 10 14.40 £1.01°
J& % Hindgut 3.38 +0.31° 3.88 +0.35"
v - B ABEG IKE y-GT
Hii % Foregut 42.78 +2.47° 44.68 2. 52"
i Midgut 59.03 £1.96" 67.25 +2.75"
J5 1% Hindgut 71.58 £3.95* 79.48 +6.32°
2.3.5  fbIA SR IR R 1 AR SR AR 4, M IR 2 BRAR A S48 15 2, 76 15 min [ B

HIZE 8 I, S TR AR AR L , S A IR = AR 1Y
BEWOHE AR ER, f A IR R BRAE 15 min YRS 5E

R T ANE] 20% ,{H 120 min J5 2 FHE 8958 2R
R AR 2 A RE (P >0.05)

®8 MUNMEFSBMOEIMNERER

Table 8 Release rate of crystalline or microencapsulated threonine in vitro %o
B T #13) Groups Ty
Time/min AR 24 AR AETR AR
Crystalline threonine Microencapsulated threonine
15 100. 00 0. 00" 18.46 £1.16"
30 100. 00 £0. 00" 40.19 £2.15°
45 100. 00 0. 00" 45.73 £1.18"
60 100. 00 £0. 00" 63.18 +2.19°
75 100. 00 0. 00" 79.29 +1.64"
90 100. 00 0. 00" 88.80 +1.09"
105 100. 00 £0. 00" 93.07 =1.26"
120 100. 00 +0. 00" 97.28 +2.00"
180 100.00 +0. 00" 98.31 =1.65"

240 100.00 +0. 00" 100.00 +0. 00"
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T 14% ,Alam 24558 | 5 S R G SRR L, f 4k
Kb BRI R IR R B B H A IR AR K, A
BFFE4s R0, 5 S AR Z R 1L, R R R 4
FRIRG A KA AR EVE T . 4k PR G SR
Pk R KT B S m R e B A 6. BiRSC
Rk A T R R B i e
R 43 ) R T A R AR X R R
AT R IR, 5 AR IR A L, AL PR
IR R B RIS T 5% o M, AR5
kL B, 2 PR 3 0 FR A G &) 0 A R
U B (E R A0 Bl Ak B A R T AR
T YRR R UUR R AR IR R . X Ui A
KAE A B AL PR TR R R . AS L A
AR RO SE L As T RIRERZS R . i, £
B AL HE Y T3 A R LU A AR T 2 IR R B A AU i 4 e
M A K A ] BB 548 R T B SR W I TE R N I TR
Ax,

3.2 R EERFNMTE RSB XT 4h 1 6 BT R A
AL FnmiEh A BRSNS RESEENRNE
SRR ME LB

IR R 5 R T G AT 2 R T 4 Hb AR 125
Sy 7R 1 B AT AR S R LR AR,
PEEREA AR A K, AR TEEMETRA A
FEAE R AU 2 I 1 75 2, 5 AL Bl AN A T
W A R A A T R R T B 2 B, I
F/INGE L I R AR B i /N L IR
P A B A7, L e A % ) AT e 2
JR )5 BCRE T, T AL PR v 2 2l 1) 3% ) 32 2 I R,
BRI . A IR IR 45 ST A0, Toit 2 i
U 2 FOL A P P4 s G R 2 T TG T o
TR RAFRA Y 3 = T D &R AL, Ui B R I
SRR RIS o D B R 22 S
JRRAR o] RS F T AR AR TR S R AL T 22 11 i i A Ok
BB T2 it RE T A1 . R A (R B R AR
I A Y. AT, AR AR A
(1 001 L 0 Gk B 5 v T R O R 4, Ui ]

TE R TR FR AL W) B ST P R BE L T i R T3 2 R
Ho HATAR AR 275 WO L2 e 5
AIBEFEARE , (E R TR R IS¢ LR B 15l A
FIRAA L, Gk b 8 o620 B Ak 0 ) o 2 IR ok 4 ot
3% e FE A
3.3 BT RBRINGTE T SERXT 4 # 68 H 1L Rk
BE MR L3

o TE T A% 77 R/ INRE S 0 0 5 7 ) o
O ALRE TS o ABRITEE R, 5 S A IR = R
FE, I T 2 IR RE S B v Al B 3 I D
U R 7, AELE X B G T R 22 S A R
UL P S G i Ak PR A 55 S IR BE A RO
1+ ) T 2 P A 105 P T AR BE T, AELX b Y
THACBAT TN o TR R £ 25 53 I 2 13 T R s A i e
ERMEE o AW B, TR A R AL A T
BRAEE I 17 il TR o R ) 9% 0 S R TR A TR R
Ao XU RDEL A A PR 5 2 R e A RO £
e AR WA AL RE ST o A SRANRIE A = 5k
W ST AL BE S M2 H A A R 1) 1 5
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Crystalline and Microencapsulated Threonine in Juvenile Jian Carp
( Cyprinus carpio var. Jian) : A Comparison of Their Effects on Growth
Performance, and Nutrient Digestion and Absorption

FENG Lin'? PENG Yan' LIU Yang'? JIANG Jun'?
JIANG Weidan'? HU Kai'? ZHOU Xiaogiu'**
(1. Animal Nutrition Institute, Sichuan Agricultural University, Ya’ an 625014, China; 2. Fish Nutrition and
Safety Production University Key Laboratory of Sichuan Province, Ya’ an 625014, China)

Abstract ; The effects of dietary crystalline threonine or microencapsulated threonine on growth performance, and
nutrient digestion and absorption of juvenile Jian carp ( Cyprinus carpio var. Jian) were investigated in the 60-
day experiment. A total of 300 juvenile Jian carp with initial weight of (13.61 £0.02) g were randomly alloca-
ted to 2 groups with 3 replicates per group and 50 fish per replicate, and fed diets supplemented with crystalline
threonine and microencapsulated threonine, respectively. The available threonine content in the diet was 1. 25% .
The results showed as follows: the specific growth rate (SGR), feed intake ( FI), productive protein value
(PPV) and lipid production value (LPV) of microencapsulated threonine group were significantly higher than
those of crystalline threonine group (P <0.05). In addition, microencapsulated threonine group had significantly
higher hepatopancreas weight, intestinal weight and length, protein content, relative gut length (RGL) , hepato-
somatic indices ( HSI) and intestosomatic indices (ISI) than crystalline threonine group (P <0.05). Further-
more , intestinal folds height and alkaline phosphatase ( AKP) activity in all intestine segments, and the activities
of Na* K" -ATPase and y-glutamyl transpeptidase (y-GT) in midgut and hindgut of microencapsulated threo-
nine group were significantly higher than those of crystalline threonine group (P <0.05). Besides, compared
with the microencapsulated threonine group, the activities of glutamate-oxaloacetate transaminase ( GOT) and
glutamate-pyruvate transaminase ( GPT) in hepatopancreas and muscle, and plasma ammonia concentration in
crystalline threonine group were increased, and the serum GOT activity was decreased (P <0.05). The activities
of hepatopancreas trypsin and intestine trypsin and lipase of microencapsulated threonine group were significantly
higher than those of crystalline threonine group ( P <0.05). Leaching trials suggested that leaching rates were so
rapid for L-threonine ( crystalline form) that all of them were lost via leaching after immersion for 15 min. By
contrast, leaching of microencapsulated threonine ( coated treatment) was lower, hence all of them were lost via
leaching after immersion for 120 min. This results indicate that the microencapsulated threonine is utilized more
effectively than crystalline threonine by juvenile Jian carp, and it can increase the digestion and absorption of nu-
trients in juvenile Jian carp. [ Chinese Journal of Animal Nutrition , 2011, 23(5) :771-780 ]

Key words; microencapsulated threonine ; crystalline threonine; juvenile Jian carp; nutrient digestion and absorption
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