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The lysine requirement of juvenile soft shell turtle

ZHOU Xiao-qiu, YANG Feng, ZHOU An-guo, CAI Jing-yi, YAN Ben-ju, GOU Lin
( Animal Nutritional Institute of Sichuan Agricultural University, Yaon — 625014, China)

Abstract: 90 juvenile soft shell turtles with weight of (22.62 + 0.52) g were divided into six groups and then
were given the isoenergy and isonitrogenous semipure diets containing 1.42, 1.87, 2.22, 2.57, 2.92, 3.32
percent of Lys respectively for 45d. Symptoms of lysine deficiency are lower living ability, anorexia, retardation
of growth, lower protein retention and lower liver lysine-o-ketoglugarate activity. Extremely significant effects of
the levels of dietary lysine were found for weight gain, feed intake/weight gain, body protein retention and net
retention rate, body lysine retention and net retention rate, liver weight/body weight and liver lysine-c-
ketoglugarate activity( P <0.01), and with significant or extremely significant quadratic responses( R? = 0.7667
~0.9594,P <0.005 ~ 0.02). The difference of lysine requirement of sofi shell turtle determined by these
indices is not significant, lysine requirement is 2.40% or 5.32g(100gCP) . Although the effects of the dietary
lysine levels on feed intake and liver weight are extremely significant (P < 0.01), no significant quadratic
responses were found(R* =0.3766 - 0.5990, P <0.05).
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2ARREF FEREE L,
1 BE5ERFE

1.1 Y 5REKIT

AT N (22.62+0.52)g BEPERE 0 R, EBILoR 6 4, BHR=ZANEE, 7 5IHRE Lys
1.42% .1.87%2.22%.2.57% \2.92%3.32% K1 % R S A ¢ 5 B L. B8 Lys $ B H A &R (Glu)
AR, AERERARERAERKARER, EHR(CP) METEMNEEETSEBNTFE RE
ERE T RE 1, HBRFAERNY 80cm x 40cm x 50cm B B ZEE BENEHKEHEF X —AEHR
FrigitE,

KEHRE 13 BHEZREREY 6cm B, KA EERR 9em, m AR ERRAEHKREEE
(28+0.4)C,MEN AMER. 88X E 8:00 ¥ ¥RIER FAKERERERRBEEKE Sem HHE
G, EREE ENABEFRARELER. 3RBA—K, BAKENBEN 1/3. BAKHEEEH
%, B 10 RFIEKER 10x 107 EFKE—K, REH 454,

F1 RAREAMNANRERESFER
Tab.1 Trial diets and main nutritional indices

RE4A 1 2 3 4 5 6
Sk s 23.30 23.30 23.30 23.30 23.30 23.30
EXEAHR 40.00 40.00 40.00 40.00 40.00 40.00
BFREEA 5.00 5.00 5.00 5.00 5.00 5.00
B 1.03 1.03 1.03 1.03 1.03 1.03
EKM 1.90 1.90 1.90 1.90 1.90 1.9
B 3.00 3.00 3.00 3.00 3.00 3.00
o-TEM 13.12 13.46 13.73 13.98 14.35 14.55
b gl 0.50 0.50 0.50 0.50 0.50 0.50
A1 FEH " 1.00 1.00 1.00 1.00 1.00 1.00
B-1 FiiEH -2 3.50 3.50 3.50 3.50 3.50 3.50
AERBEEY, "2 3.80 3.80 3.80 3.80 3.80 3.80
HCl-Lys(98% ) - 0.57 1.01 1.47 1.91 2.42
Glu(9%) 3.85 2.9 2.23 1.52 0.71 -
FEEFREE (%)
EA(cp) 45.08 45.08 45.08 45.08 45.08 45.08
Lys 1.42 1.87 2.22 2.57 2.92 3.32
5 1.90 1.90 1.90 1.90 1.90 1.90
o | B 0.80 0.80 0.80 0.80 0.80 0.80

. xR Al TUBBE R, R EA & GALIER 2408 L AL 258 By B 230g. 484 EFIR AL 500¢;
* 278 B-1 FUBR4 R, BE AT & NaCl 29g, KH,PO, 289 .CaCO; 14g FH KM 145 BT E TR K 286g;
*3RBHARESY, AR, WEATEEER (Met) 21.05g, B8 B (Tip)44. Mg FEE B (Arg)268. 42g. 41 B R (His ) 155. 268 7
ZHE R (1e)136.84g N H B (Phe ) 100g. 7 B B2 (Thr) 144. 74g;
%4 R CPRIEERSE, VBB LR EHH [ Met + P& B2 (Cys) Trp RSN s B Lys b, His: Met: Arg: 7 8RR (Leu) *Tle: Phe + B &
% (Tyr) : Thr: S8R (Val) B30 el 29 1:1.08:2.03:2.63:1.40:3.15:1.52: 1331 S HME HE B9 9 1:1.08:2.12:3.65¢
1.55:3.07:1.66:1.38,

1.2 WRi+EHR
1.2.1 WEE GFEME MASRMEHAR EREMBEE

R 20.40 K 13:00 MERE LER RS HEMFIHE B HEREF(26 LER/
REEFONRTARR (R TEABEE/ S LREN); IESHSBREMARARENRSZER, TR
TEGER B B PR A R B /R ) R A RN BHBIERE I B, S ERNER (&
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AR, T ERRER(BRER/MER) . iCZ AR BT I, HERE R,
1.2.2 WE.SERNEMRY

REFHEMERNHFE, THEYE. SRERRE, AREHREREL T B4 T HME 10% 89K
SHRERBRXTER, HERERENEN R,
1.2.3 HE |

B EEI RRPETE(BIEE3R), 4ABAR  RFENEFEEE. ¥ 6 MNFBELH
G A FFERBER G, REE 3 HH—/MREE &, EX KB KR,
1.2.4 *hEQ.KEDH. LR

RETFERBENLE 6 RERE S, XFERARGHRAF TREBKE S, B RS 4 BEEHL %
EFE%EE 4 R BMARKHERMBKBERT. WEr MkBERRE, ZE6SCTHEEE, BE 10T
HEEE,ERLWL 60 BN, BIBNE CPMASH , Mg GRS H T E & &R, CP.IEH % CHk
[SIMmENE, EERAEEEY A FRHET B OPA-FOMV (1996) &RE B AT 4 4 Hr i W 8 o B 1k CP
DI EMSUIRR & Lys IR E S UIRE,
1.2.5 FBF Lys-o-BiX —BRiE/REEE 170 RNA 2B

A%, % Walton %4 8 19 5 1 0 %8

Lys-o- B[R — B2 JR B35 1106, # Scmk (7189 07
EMIE RNA,
1.3 SEitsrthr

NBEHIT T EZSW, EERERH#ITE
BHHE, HWHEE BEE EHREE CPI
BEMG TR & Lys TR B SRR T
B FE/|REMF Lys-o- 8% BB JRETE S
AT EIRHT, RES L RBE Lys TER,

2 R

2.1 Lys X‘j’gﬁi?ﬁ‘j] B‘J%ﬂ[’rﬂ Léy;q.z. 92% 41 Lsy A 1. 42%41

Lys 83 4 (Lys X 1.42% ) % AMKRN, 3 Bl LystSHS5ERAENINER
HHEAREF(E 1), EBENMERE 2, NE _ Fig.1 The performance of soft shell turtle
AT, 1.2 AR R B RERRE, fed with diets of low level or normal level lysine

I 25 S AR b B R, RIS R AR
AR, Lys SRERER T AEWE S

2.2 Lys XA e M BB B £2 LysXEEENMOME" (%)

W 3 ATAL IR 5 A BB E E T T;:lf “L?“f"“o‘f "::e';”;‘jﬂ”
14(P<0.01) . BEM®BE T 4.6 H(P<0.05), T vlmg :'ty '? " es
23ABEMET 14(P<0.05)0 BE3.45 ~ g us 0.0 3.5
Mo AMBEMBE T 1.24(P<0.01),2 HiIk W%  41.40 30.00 53.34 56.67 63.34 46.67
BEWBE T 14(P<0. 01);54HBZHMET6 WP ME  50.50 67.50 100.00 100.00 100.00 96.67
H(P<0.05), BRRHEI2ABBEBRT  gos  ms w100t o oo
345 M6 A, 1 M2 HRERBEBE (P < g, amnmrmen T o, «2 5 mism.

0.01), i%BA Lys BkZ KT M A KZHEME
SR FAETRE,
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£3 Ly RENE SERNERRENEHE
Tab.3 The effect of lysine levels on the weight gain, feed intake, feed intake/weight gain of soft shell turtle

5 ME(g) FE(g) HE(g) WERE(D) BRiEE(g) RS
15* : 15 3 3 3 3
1 22.49 £ 0.45% 30.94+1.59™ 8.57+1.08™ 40.90 £ 0.44™ 64.32+4.715% 7.56 £ 0.44%
2 21.94+0.43% 40.63+1.38% 18.35+1.51% 85.32+7.71¢ 74.58 £3.79°82  4.00+£0.14%
3 22.79 +£0.23% 52.35:0.82°8% 29 56+ 0.90°P® 129 .72+4.68%®  74.49+0.75°%*  2.52:0.09%
4 22.41£0.19% 49.80£2.93%3%  27.394+3.04°8% 122,28+ 14.13%5  68.17+4.49""*  2.51+0.19%
5 22.97+0.375 54.41+0.93% 31.44+£0.5748 136.89 0. 52482 81.55+£2.19% 2.61+0.08%
6 23.09 + 0.28% 49.16£0.90"%®  26.07+1.11°% 112.92 + 5.90"% 68.71+1.44"%* 2 .64+0.12%

L ABARBREASEFRLBARARERT 0.0l WEETHE, KEFAHRAFENNEFHLBRR 0.0 WEFFHE. TH;
2.+ AR EBREESFH

2.3 Lys MHEEAHREENZHN

Lys 7K F 51 %4k CP S &2 & CPULB MG TR ABH&E K Lys B JIREMSTRERE
WREE(P<0.01)(F4), KACPHFEISARBEELEH T 1H(P<0.01), BEHMT T 64H(P<
0.05), K CPUIFRE 2345 M6 AMBEFEMET 1 H(P<0.01),3.5 AN FREENBEHE T2
HMA.64H(P<0.01 1 P<0.05), K CPHUIIMEIASHoAREEMT T 1.24(P<0.01),24
BEEMET 14H(P<0.01), HIEHEEISHSFNEEMARBERTT 1.6 H(P<0.05F P<
0.01),4AMEEHET 1 4H(P<0.01) , BEME T 64H(P<0.05), # Lys & 3.5.6 HiREEH
ET1249(P<0.01) 4 ANFBEZENEEZET T 1HM24H(P<0.01 f1 P<0.05), & Lys FLFR &
3A4SHOAREEHMET I28(P<0.01),SHRBEEHTT4H(P<0.01), I2HRERKEE
(P<0.01), 2.3.4.5 M 6 Ak Lys GUIFRFERBERT T 14 (P<0.01),3.4 AN FIRBEMNE FH
BT 5.64H(P<0.01 1 P<0.05), WiEEH Lys AR, SREIEMK CP MK Lys FiREES .

%4 Lys 3B CP.EERME Lys S BIARNE0
Tab.4 The effect of lysine levels on the content and net retention rate of protein, fat aud lysine of soft shell furtle

N 1 2 3 4 5 6

BAE 3 29.00+2.12 $33.621.70 33.58+0.34 30.73+2.03 36.76+0.99 30.98+0.65

p EERE 4 14.66+0.24% 15.14+0.23%%® 15,84 x0.21% 15.13£0.35%® 15,73+ 0.49% 15.58 +0.3248
AR 4 32.44+3.37° 74.44+7.77C  112.22+4.44M 99.33+8.80°%  120.22+2.22%  100.00 +3.38*®
BIRFE 4 5.01:0.24° 9.93+0.628 15.05+0.73%  14.54+1.03™ 14.86+0.29% 14.54 £ 0.614
BERE AREE 4 3.27+0.16% 3.89+£0.49°5C 4 5440.75°  4.75+0.63%5 4.91 £0.26% 3.40 +0.065
HEE 4 0.64+0.01% 0.67+0.045>  0.76+0.03% 0.72 +0.03%5 0.76£0.03% 0.76 + 0,02
Lys YIBE 4 55.33:+6.85° 133.98:10.04° 254.46x6.83°%" 217.35+21.80" 261.19+15.34* 228.10+8.14°%*

BUEE 4 6.07+£0.34° 9.60+0.275%  15.41+0.48% 12.40+0.84% 10.98+0.76%  10.00 £ 0.415%
E.CPEAR B, ABEMSHEEAMATHN g R % mg (R -d) ", mg-(300mg) "M S B BN : % Lys K.
MEERGSTEREMN PR : % mg- 215 mg- (100mg) '

2.4 Lys X B/ K&

FE 2.3 456 AREEME T 1H(P<0.01),5 ANREEHET 2.6 H(P<0.01), FE//E
BESANNREENEENST6ANM 14A(P<0.01 1 P<0.05),  Lys-o- B _BREFEEEET 3.
ASH6ARBEERT T 1AM 2E, 1 2HMERKREE(P<0.01),3.45 Mo HARERABE(P >
0.05), FFRNA 5B 5.6 AREERTT 34 (P<0.01), BEEMAET 1.2.4 H(P <0.05), FRHEH,
Lys = /5 #i B\ FE B P A 1 RRAR AT Lys-o-BH /R B2 E FEEEIE 171 RNA S & (3K 5),
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2.5 EIEF5H :

WME HB R CPTIREMETEE K Lys WHEMA I HEE HE/|E T Lys-o BILZ
R RS S 5ER Lys KEERBEREE “REIHXR(R*=0.9463, P<0.005; R*=0.9594, P<
0.005; R2=0.9289, P <0.005; R2=0.9565 P <0.005; R®=0.9047, P <0.005; R*=0.7667, P <0.02;
R2=0.8360 , P=0.01; R*=0.9548, P<0.005) ,7E Lys 4+ %1% 2.75.2.76.2.77.2.83.2.84.2.51.2.39
M 2.79% i ik Bl B AEE ,95 % MAE BT Lys K P43 514 2.40.2.57.2.42.2.45.2.49.2.19.2.04 1 2.45% .
MEEEAFES Lys BREEERN KEIHEXR(R*=0.3766 P=0.19; R®=0.5990 P=0.07),

x5 LysWBERE.Lys-o- X ZHIEEEEFENT RNA SENZMH
Tab.5 The effect of lysine levels on the liver weight, lysine-a-ketoglugarate activity and RNA content of soft shell turtle

1 & R/ E Lys-o- W% — K A

() (2/100g) (mmol- (%) 1) RNA(pg-g™")
1 1.34+0.24Cc 5.52+0.5748° 1.96+0.11€ 728 .70 £ 24 . 5%
2 2.47+0.73% 6.91 £ 14248 2.85+0.12B 736.20 + 24 .30°2°
3 3.22+0.9048® 6.53 £ 11,2558 3.67 +0.08% 677.60 + 16.90%°
4 3.01+1.15%8® 6.77 +1.6128® 3.74+0.14" 755.90 = 30. 80750
5 3.78+0.614* 7.67+1.5142 3.56+0.15% 828.80 + 20.50%2
6 2.17+0.32% 5.21+1.14% 3.59+0.31% 885.80 +37.70 A*

T RERENENER 2 SMCEERH 0 R 3,

Fo6 BMEMEERSES Lys KFEBSH
Tab.6 The regression analysis between the performance indices and lysine levels of soft shell turtle

- . =AY 95% A At
BT O EY=yaE R P X AKF(%) Lys K°F
HE(g) Y11= —64.46+68.72X - 12.45X2 0.9463 <0.005 Max X=2.75 2.40 5% 5.32
= a3 BIEE(g) Yy_p= —20.73+40.46X - 7.92X2 0.3766 =0.19
HE R Yi_;=24.25-16.08X +2.91X? 0.95%4 <0.005 Min X=2.76 2575 5.71
* Cp TR E (g) Yi_s= —10.08+10.49X - 1.82X2 0.9289 <0.005 Max X=2.77 2.4285.36
BUTTEE(% )  Yios= —26.97+30.06X - 5.32X? 0.9565 <0.005 Max X=2.83 2,453 5.43
 Lys LR MNEE(g) Yi-¢= —560.18 +575.54X —101.13 X* 0.9047 <0.005 Max X=2.84 2.49 5 5.52
S 72
Y HOBRE(%)  Yio;= -25.14+30.64X - 6.10X7 0.7667 <0.02 Max X=2.51 2.195 4.85
FE(g) Y, g= ~2.95+8.43X - 1.76X* 0.5990 =0.07
FE/ME (%) Yi.9= -7.39+8.42X-1.65%° 0.8360 =0.01 Max X=2.39 2.04 2 4.53
CIRCL ST
TR Yi10= —3.78+5.42X -0.97X? 0.9548 <0.005 Max X=2.79 2.45 5, 5.43
[mmol- (4-g) ]

195 %I B E N Lys KRB FH LA 05K : % (ERER) R g- (100gCP) 152 WM S B n H 6.

2 i

ERRED Lys BT 5 EEAFE N TR KEREREREES A TR AKZHE FEKZH.
1K CP S IR T M AT Lys-o-F K ZBRIE JRERTE /771 RNA T, HEBFFTIAA, Lys G2 8 mdr 59
FET R SRIEE TR AR TR, R e 4 5 Cp TIAURCER , ST BT Lys-o-FA IR W0 F RIS
HETRAERS,

WE ERAE A CPHBEEASPUIEE (& Lys TR E AT Lys-o- BIK Z 8 & JH B IS 71 7] LAE R
REME Lys BEBMER AR EEFHSHEE Lys RBEEHMEEN IKREIHX R, 57 Lys A
1.75.2.76.2.77.2.83.2.84 M1 2. 719% A Bl fm i, HEE HHREATE Lys REENEHR R L#K
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W, ME SRR R R SRRk CP UL B 25 5E 88, FLEC X IF ( Penaeus vannamei )®), H 7 Lt
a2 ety HFEQBURIEIR. TR Lys TTMERNBE B £ Lys BEHIERD,

FFE/REM Lys B UIBERRBREME Lys FES IR TRHERECHERTER 9.50% ~ 11.15%
15.06% ~18.41% , ] RBEX AT EHHAENFTEETRRKETE Ls TEE, FE/REENAE
R3S A B B R E T RS ENA KRBT A REYBRAM EEKEHTERIRE,

PIE A EREAEMHEEAEREFEERIYERNRFERN T, BEBRERELHE
Lys BEBH AR, HERABEUTH N E. £—, BEDFRBMN ST, BEERAER, 258
B R EGHFRENE),HERAKIEERS, S YBRE~H, AT BRERERES. LEED
MFAF S EREEERR L, IYEFRE LERH 0% ~ VR REREERTER, — R 5%,
WT 8% Lys.Trp-His . Vall® f1 M VB EBURF A Ag FEBU EREBENE 5B ER,
B OMARRET A, 95% B E M CPULE /& Lys LR E 77 78 28.84g/ R (4. 76g/ R [267.41
mg/ R, SRAEHEZEFFBE(P>0.05), BRILMBE FRFERCH Lys BERTHT 14.58.
15.51.14.05% , FREEF B3,

BIES% RN ERCHHYE Lys BEE N 2.40% 5 5.32g-(100gCP) 1, 5 R #E &k CP JIHE M
BUTRE K Lys IR E T Lys-o- iR " BABEBE N ERHENTEEEREL, EENBETR
EXEEGHENTER, XTE Ls FEEFERURE, Sy rEa Krel &
FHAKEAR ZRhEFEEP, Hl, % Lys TEERAHSUN, THELE8 LysTEE,

3 4

Lys tZ 2SI REAFE I TR BEEREER AR THE AKZHE EOUAEN TR FER
B AT Lys-o B _REIREE I TRSHRZE; WEVEHAR BEOTUREMFIIBE 4K Lys
MR EMAVIRE T Lyso IR " REFEBENRHERE Lys TFEENERER HE Lys TEN
2.40% X 5.32g+ (100gCP) ~1,
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