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FEEWIRERKTERE . BRItz Ah, CEIRVE N SR SC 8 B RO BR H R IR, T S n sl ik
[y -BREASE, S5%- 8505y MR TR EE0, (g X 53 70 (s e a v] LU 34
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B Ay T 402, B HIBE SR, RE B BRI A A L- /KT8 0.146%
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CEIRININACE X A B FKSRAEKYERE . BACHS . BEFRMBTNAER. BRI MiEEk
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SRR FRARAE 1 BT SRS B A
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1.1 38309
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Z AT NSRS E IR T BRI T 45 ROTC ) & B /KSR SEAE R, AL 8 IRk
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Table 1 Composition and nutrient levels of basal diets  (air-dry basis) %



T H Bt BRZL Negative control group 1EXT R4 Positive control group

Items F¥ 5K DM I T.7KF Process THF/KF DM JL/K*F Process
level level level level

J5 Kl Ingredients

I Chicken liver 3.94 4.54 3.70 427
g4 th Sea fish 20.28 33.02 19.01 31.04
73k Chicken head 6.45 179 6.06 7.32
YR E Chicken glandular stomach 3.69 3.80 347 3.57
Y E 22 Chicken skeleton 23.13 17.30 21.74 16.26
AL KKy Extruded corn 36.00 13.17 34.14 12.39
fi¥y Fish meal 6.00 210
B, CaHPO, 0.32 0.11

T Soybean oil 4.63 1.62 435 1.52
L L-Lys 0.43 0.15 0.40 0.14
LR L-Met 0.14 0.05 0.13 0.05
K Water 18.10 21.02
WiEkl Premix" 1.00 0.35 1.00 0.33
£t Total 100.00 100.00 100.00 100.00

B 757K F Nutrient levels?




R#tHE ME/(MJ/kg) 17.05 17.05 17.10 17.10
FE AR CP 34.29 34.29 36.35 36.35
HAEWT EE 22.10 22.10 22.17 22.17
5 Ca 2.43 2.43 244 2.44
Sk TP 1.29 1.29 1.29 1.29
R Ca/P 1.88 1.88 1.89 1.89
5 R Trp 0.26 0.26 0.27 0.27
e Lys 1.66 1.66 1.68 1.68
B Met 0.79 0.79 0.80 0.80

IR R AT 7 AR $2 8 The premix provided the following per kg of diets: VA 10 000 IU, VD; 2 000 IU,
VE 100 IU, VB, 6mg, VB, 10 mg, VB¢6 mg, VB2 0.1 mg, VK31 mg, VC 400 mg, M nicotinic acid 30
mg, 28 pantothenic acid 40 mg, EHE biotin 0.2 mg, M folic acid 1 mg, AHFE choline 400 mg, Fe 82

mg, Cu20mg, Mnl20 mg, Zn50mg, 10.5mg, Se0.2mg, Co 0.3 mg.

DHEAR. RN 85, 2B ORR. BER. ERRNNEM, RNt EE. CP,EE, Ca, TP, Trp,

Lys and Met were measured values, while ME was a calculated value.

1.3 kit

¥ 60 HRIG/KSEBENL Y A 6 4L, S 10 NEE, FAEE 1 FUKSE, @iy 204
VAR AL )Pk 5 2 R (P>0.05). FOMHRAL (141 H ML (UK T N 34%
ZER AR (RN 0.26%) , B4 73 7 PR MRAE A7on] R ZH FE Rt A AR Fh 25 m 0.1% (1T
H) . 03% (M) + 0.5% (VD F10.7% R (VA KX, Exfa (Vi)
TR MEKH 2 1 KPR 36% BRI R (BB oN 0.27%) , IRB BT LR 2. A 5 d,
1EiHA 70 do

*2 Wit



Table 2 Experimental design %

i H 3| Groups
Items I (xR II 111 I\ Vv VI CIEXTHR
negative positive
control) control)
BRI 0.1 0.3 0.5 0.7
IKF
Trp
supplemental
level
HAR B UK 34 34 34 34 34 36
“F- CP level

1.4 TRFREH

RIEK S BIEETE, 8 H 07:30 5 14: 30 £HEM 1k, HHRE, Ghmiok, 8Hid
SRR g WIS E Y 2016 529 A 19 HE 2016 4£ 12 A 3 H.
1.5 WAL RS

WALAC RIS I 18] 9 2016 4F 10 H 10 H&E 2016 4F 10 A 12 H, 3Lit3d, FHPkIE 6
FUR AT K SR T WAL AR RS . R 4sUle3&yd:, THARARSHRLS e R 3R H 5 H w1
FEEHAIE . A RN FE R E G 2 E 1 5% 0N 10%R B IE M, N/ & 2R B I,
RAET-20 CHH. ¥ 3 dIRERAHE 65 CHT-EIEE, BEarid 40 Hif, HIX TR
A, PLAE SIS = T

1.6 JsE Fabs ik

1.6.1 Iy i %%

RIS R G, R R 5 RAKSE, ORI, &R R0 10 mL, & T ¢ 5 &
W, B EAFILIE AT S 3 500 r/min. 4 C &0 10 min. K38 H A ILTE 4> 2 4E 1.5 mL )
Eppendorf & /1, B T-80 CH IR &



1.6.2 EJZ

J& S ARG BT B RS FURAT S, WBTPEY 1~12 43, Bt 1~5 7, DGR 1~5 9y, F

NS

FE1~5 9, REE 1~5 7, ST NBEBBIERET, K 0.01; & RE MK
P B AR MK K, FHE 0.1 cm; ERMESE. BEK, IHEERIL.

1.6.3 MEFebr

BEIR S ENE XA COEEE:, S8 GB/T 15400—94;  h S /K fif 120 & 4 AR b (1) 2
=

HRE& s, 2% GB/T 5009.124—2003; AR T2 & &K A 105 CHETE, S

W

& GB/T 6435—2006: JLIREZEMEREA T EE, 2% GB/T 6432-199481; =4 R H1i
EVENE R & &, 2% GB/T 6436-20021%;  HLFH R # LL (550 i€ el 6 % &, 2% GB/T
6437-20021190 ; [fi 5 K K R BRE L # lff (aspartate aminotransferase, AST). R REILFEFS
fitf (alanine aminotransferase, ALT)i%M: & 1gG. SHIEERE H A(IgA)- 1gM &= 7 &
I R R PR A, H R R U B A T =BR(TG). B [E B (TCHO)
B PR H ARG 25 Ttk Qe AR 3R A AR &l e s Mg e i e A K- 1

(IGF-1) 7 &R AT Bk S L W BTN E - (ELISA) %2

1.7 HdEgeit

K H SAS 9.1.3 it B4 1 GLM #H47 5048 175 273087, Duncan [KiZE T2 E L

B, P<0.05 NEREZE, P>005 NERAEE
2 4 B
2.1 AR IRIN K3 & B A KSR A K RE AR

H# 3 WA, ARDRR (RS K P 5 & B FK SR H I8 5 (ADG). “FH R & &
(ADFDAIREIE L (F/G) ¥ E 52 M(P>0.05).
® 3 RO EBRIR IR 4B E KSR AR KRR I R
Table 3 Effects of dietary Trp supplemental level on growth performance of white minks during winter

fur-growing period



TiH 2H% Groups P

Items I 11 [11 v \Y% VI P-value

SFRIHRERE ADFI/(g/d)  131.49+24.65 123.12+22.79 118.34+13.37 115.74420.45 120.68+17.70 108.88+18.03 0.5108

SEHHEE ADG/(g/d) 7.54+3.20 7.34+3.28 7.00+3.36 6.27+4.23 6.75+3.94 5.86+2.59 0.9212
®E F/IG 16.01£2.96 17.89+6.86 16.56+8.18 17.71£11.50 16.73+6.13 18.94+4.63 0.983 3

FATEEE B AR A RN FRERORZE R RE (P<0.05) , MFEBLFHRRERALE (P>0.05 . T

ESER

In the same row, values with different small letter superscripts mean significant difference (P<0.05), while

with the same or no letter superscripts mean no significant difference (P>0.05). The same as below.

2.2 FARR GRS K3 4B 3 KSR BAREANE TR Y0 T AL 3 A 52

M 4 7750, [ 4~V ATV AR O R R INACE 0 & R, &
I8 T B T AL R TE B 2 25 F(P>0.05) . 2% 2HLIBIRHL 2K 1 53 V8 A0 SR FIOREL g 7 W AL R 0 i 2% 25 7
(P>0.05). FAEENE. FER. REMBEIRTEE ZFP>0.05). IVATHEARF R

MEAFRAEY A E S ZE T T 4. VIZP<0.05), VA5 T 42858 E%E 7 (P>0.05).

R4 GIRREE R INACT R % B 1 F K RACERTE TR 50 A 3 s

Table 4 Effects of dietary Trp supplemental level on nitrogen metabolism and nutrient digestibility of white

minks during winter fur-growing period

i H 204 Groups P
Items I 11 1T v \Y VI P-value
THYFRHENHLE DM 78.86+2.27 78.59+1.31 77.78+0.54 77.80+1.63 77.50+1.92 78.28+1.96 0.7222

digestibility/%




FHLE A B A%

86.12+1.23 85.40+1.89 85.77+0.88 85.63+0.61 84.39+1.80 84.57+2.02 0.650 0
CP digestibility/%
AR H

96.52+1.58 96.49+0.84 95.21£1.49 95.12+1.31 95.40+196 96.37+0.91 0.391 8
EE digestibility/%
BAE Intake 7.08+1.35 6.67+1.25 6.42+0.74 6.26+1.11 6.55+0.98 6.18+0.33 0.749 8
nitrogen/ (g/d)
#$% Fecal nitrogen/ 1.05+0.14 0.96+0.15 0.91£0.13 0.900.15 1.010.09 0.97+0.17 0.4309
(g/d)
TR Urine nitrogen/ 2.53+0.54 2.68+0.54 2.42+0.40 2.12+0.66 2.41+0.37 2.41£0.19 0.523 5
(g/d)
BUTA Nitrogen 3.50+0.99 3.0340.61 3.08+0.51 3.2440.54 3.1320.57 2.8040.15 0.625 4
deposition/ (g/d)
R R R 48.88+7.15% 4537+1.31° 47.96+5.66% 52.40+6.97° 47.60+2.20®  45.23+1.28° 0.204 8
Net protein
utilization/%
AR E 57.45+7.11% 53.13+1.13° 55.91+6.432 61.22+8.42° 56.39+1.64%  53.69+1.65° 0.192 0
BV of protein/%

2.3 TR RN /KT & B I F /KSR B R R 52

HIZ% 5 AN, & 4 KSR B B B E 20 0 B35 22 57 (P>0.05) . &2 F/K SRR K AN S B K

To IR 3 72 5(P>0.05), VA F/KIAREK R & T4 (P<0.05), V4 H/KSHESE B 2K

F 11 2H(P<0.05),

x5

AR E SRS TN 7K P06 4 6 1 1 K 3 6 B it o R S

Table 5 Effects of dietary Trp supplemental level on fur quality of white minks during winter fur-growing period



IH ZH%) Groups P
Items I I il \Y \Y VI P-value
BRWFATES  22.21£1.56 23.254+0.97 23.02+0.98 22.77+1.35 22.9340.56 23.06+1.55 0.520 2
Fur quality
score
R Body 49.50+1.43 50.10+2.70 48.20+3.11 48.20+3.42 51.00+2.92 47.72+1.51 0.3397
length/cm
EFEK Guard  2.3840.20 2.28+0.04 2.14+0.36 2.18+0.22 2.40+0.16 2.40+0.16 02305
length/cm
ZEK 1.9840.25% 1.84+0.05% 1.7840.29° 1.8640.21% 2.10+0.202 1.96+0.15% 0.208 5
Underwear
length/cm
EHERLE G/U 1.2120.08:® 1.24+0.04¢ 1.2040.04% 1.18+0.08:® 1.15+0.04° 1.2340.07® 0.176 9

2.4 GERREERRNIN KT 256 1 E K S IS AR A Fa b i 52

HEE 6 WA, VAHAIMET TCHO & EEm T LA, A, VA, VI4(P<0.05). %4H
Mg H TG &8 83 2 7 (P>0.05). VIAIMiE+ ALT i&ME 832w T 11 4(P<0.05). %41
TEH AST 3 TE B3 2 5(P>0.05). A 4IMiE+ IGF- [ & 87583 2 5 (P>0.05).
® 6 TR EOEIRIN ISR 2 B E KSR S AL AR bR S0
Table 6 Effects of dietary Trp supplemental level on serum biochemical parameters of white minks during winter
fur-growing period
e 25 Groups Pl
Items I II I IV \% VI P-value




MPHMEEE TCHO — 5.97+0.31%® 5.07+0.74° 4.74+0.75° 5.700.28° 6.94+0.62° 4.76£1.07° 0.003 0
= TG 2.01+0.65 2.64+0.23 2.75+0.83 2.32+0.86 1.29+0.30 2.62+1.74 0.279 7
BNHEEM ALT  189.17427.57%  119.60+12.25°  185.67460.35®  228.26+75.82%  175.25+29.49%  239.18+116.07° 0.187 8
REFEE M AST  210.15£56.16  156.62+48.36  186.16£101.43  181.75+119.97  176.58+44.6 215.46£102.93 0.898 6
RS ERAKRHET  897.25+343.03  755.67+194.77  820.00£105.28  753.60+397.67  752.25+293.03  819.25+112.57  0.638 1
-1 IGF-1

2.5 AR RN /K P54 B A /K SH L T 9% 8 b 1R 52 1

M 7 /A, VA, VAIMES M & & EE 5T 14P<0.05). VA, VAIEH IgA

SEEESTIA. 4. VI4P<0.05), VI4HimiE+ IgA S8R EFHEZEKT 14

(P<0.05). T4H. T4, 4. IVAIMEF IgG &g L, V4LE+ 1gG & = iR

%, VIAHIES 1gG S ERMEFHEEMT T4, T4, TM4H. IVAP<0.05). FHmEas

B HAEFEE. MR E0 LR E % 5 (P>0.05).

7 REEIRE KT S4B A K S MLIE G2 Fa bR i R2
Table 7 Effects of dietary Trp supplemental level on serum immune parameters of white minks during winter
fur-growing period

TiH %] Groups P&
Items 1 11 il v A\ VI P-value
GIEFRE [ 917.944178.66®  825.26+44.43 1 160.24+65.76* 1 977.12+101.56®  0.156 2
M 044.16+230.69% 145.14+282.822
IgM/(ng/mL
)
FIEEREA 1 1 1 1 1320.71£216.64°  0.002 5



A 743.06:177.928  439.824212.69%  449.80+186.42%¢  933.994242.55*  903.45+345.55

IgA/(ng/mL)

BIEEREE  11.06+1.422 11.10£1.46 11.95+1.09° 12.10£0.55° 9.86+1.81%® 7.99+1.79° 0.005 2
G IgG/(g/L)

BF M 8 % 31.08+7.97 30.59+3.68 32.75+7.45 35.74+6.15 32.11£6.57 35.82+8.67 0.746 7
Liver index

BROAE FE $ 4.50+1.62 3.41£0.62 4.26£1.44 5.18+1.03 4.4241.16 3.73+1.25 0.3100
Spleen index

3 W ®”

3.1 TR SRR IR B KSR A KRR E IR AL R 1 R

EREE 5-HT M E KB IURER 2 iR e s, —JrmfER T N e
KA, 55—y i B B YU 1 o A e s i T8 S i R m s R B i, RIS
I BEFE = AR S R, (et H LR B B S AR R T e A U2 AR
t, BAEVFHHREE., FYHEENE REESRAEEZER, WREEDYKIHA R
BRI (0.26%) , SRR P ORI K-T AT AAERF &R IR T, i KSR I 2 A
EIR . WITURIE, TR R KT AS R AT 2 25 B I (-1 38 H G B ARDRHE A 3 A0
BT, 7 HIE 338 F LT 198 5 3N IGF- T &5 5 (0 R RS-0, IGF- T 2 ShPmL A i) 52 4 73
WER, Z58MRGESD, RESVIPRRERKEK S BH. Mt A, £
FEPE_ERENS SWesh P i FR A A ROIRIL U o0 38 AR AR RIGIIE R, IS o IGF- |
HESRESEIEMRIOL AR R A AT IGE- | § 'Y IR EER, LBIKIGEE
KYEREE T 2. WREOERS P TR R . HE A FHALR . AR,
BARS A RE BRI # o, VA S BN 28 & B BEY) e s

S T AR R ey, T A S IVHZERA RS

3.2 BREZIRIN N AT R 4B ] 1 /K5 6 B b 5 A5



KSR UV B ROV EE H KA s, BARENATFIE. GRRIEN & R
RPERR I LS B B, HB SRR b R RGH A AL SR BN =R S el
Wi BT s HE SRR 20 WA I T e B B R R, G R 1 AR 0L, ARG AR
Bt i R 5E B BB FR A AT A (0 R B, BB R 5 3 BRI R BHB K
BRE. FHBME. BEEMTFEIULATTHEERY, Brsting SFRPAHTFURIE, W0 R )2
R AL, FREAFUKT N 40% ), T UMRIEBR AR M, QIR m
W& im, TR R G RAOUES] 30 %, Al DURIE R R R . AARIE A5t
ERTEOL. Bt e PSR LT AT, SARIERARD, W OER
ENLTRRBER S BB R . NBEETFEER, VASRERE PR, 45z,

3.3 TR EL BRI /KT & 3 1 /K S i AR AL HR B R R

i TCHO & & St 1 ZhW A N B 10 TR B, 38 B 1) B 2 1 7K~ AT DA BAIR L i b
TCHO & &, AiR¥, V4LiE+ TCHO & &, Al AR A AR I 2 B3 K-
W, EIERCTAIZ R, AW AR U, T4l 4. VAR EERKE N
0.36%~0.76%It}, 1L TCHO & BHUK, BRI UIRUIRILIS 4F T 2R K-F 4 0.26%H)
ORI . PR R 1 FUKT R VIZL S TCHO & B AR 1G4, 7T A A . (1 i 70 it
NEIERS 5HMIEM . Akiba P TEHIE, 45 RIS A7 L TR 2> ST IE SR Dy & i
B, RIS & 52ma s TCHO M TG (& 5. TG W s Wi i & i sa g, i in— e 2 e
G ] BEARR DT & ke ASed, VAIMIET TG & B8R, HRI& s AL, femivt
FARAG, SALRHLIRI AR T B E 2R, BRliA S UUR Z 1A (96 R T B — 25 4R

ALT 5 AST EZMAAfEF AN, Horp ALT 20 A 7E A, AST E 2 Ai 1E
JF 40 B S AT 4R B 2k pA e, L3 A ALT A1 AST 3P4 1T DS BB m R 2 1 2 E R 1
IR REDIRERPIRGLEY . IEEEOL T, MG X 2 MEEE PRI, ZH 23 DO JIE A JH IR 3%
Ve AL, KR EEEE NG, 51 0E 2 BEs e, Bk, #TeL
ARAE LI IX 2 FhEEE PE AR FI T AH 2 88 B 1 Th e ). Akierdr, ITZHiMiEH ALT Al
AST W PERAR, RO H LS i VIS B ALT W& P femr,  Ji (R AT e i B
LIFIEThRET K T — 2 M 54



3.4 GARLEZIRIS N R 4B /KSR ML S B 48 bR AR

ORI B R R AR IR R R IR, FESh YA S B T i R G M
TR R KTT ( HE Sh ) L rh S BBk AR A R 1 SRR A e ), (R R
TR AR R R IR ER AR, DHARM, R, —ERNRIRER K
F =y el DA 28 A R 7 i/ #E-17 (IL-17) B4R, dEimmapdl it T 400 17
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VIR B R K P 0.76% 0, KSR BLAR S e D RE K Bl de i, WA G = RR /K1 it
0.76%, e Lhfe TR, JRIA AT AE2E I & 1 L= R AT EAC G 5 H, SEma T ARSI RE, 3
KBRS EThRe. | 415 VIR LRI, iR e B s A e dR Rk SE S /1

T B RSV PAT e T RE RN ZA45 1, 52 ik R 4R IR AT LAt S e 4 k2B e
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HERE, SRR A Ay, Al s wRBucm R 25, VAR RS =
T AR I AT A A0S TR A 1 KT (0 L A AR A, Bl s B i S
2 i R BRI B T 3 iRk SR e e a o H 4. MRIEHR Hoh IV iy, I H s TR R 1
KPR XS B, Fe i, B A B R A AR e e T

FEVARRE 2 UK 34%0), PRI IR KT 0.26%, 5 AT LU 2 & Bl FKSE
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Effects of Dietary Tryptophan Supplemental Level on Growth Performance, Nitrogen Metabolism,
Nutrient Digestibility, Fur Quality and Serum Parameters of White Minks during Winter

Fur-Growing Period

ZHANG Xuelei' CUIHu?> HUANG Shengguang! XU Yinan! NIE Hao?> LI Guangyu!

WANG Feng'* ZHANG Tietao'”

(1. Institute of Economic Animal and Plant Science, Chinese Academy of Agriculture Sciences,
Changchun 130112, China; 2. Institute of Feed Research, Chinese Academy of Agriculture

Sciences, Beijing 100081, China)

Abstract: This study was conducted to study the effects of dietary tryptophan (Trp) supplemental
level on growth performance, nitrogen metabolism, nutrient digestibility, fur quality and serum
parameters of white minks during winter fur-growing period. Sixty (120+5)-day-old healthy male
white minks were randomly divided into 6 groups with 10 replicates per group and 1 mink per
replicate. Minks in the negative control group (group I ) were fed a basal diet (crude protein
level was 34%, Trp level was 0.26%), minks in the experimental groups were fed the basal diets
supplemented with 0.1% (group 1II), 0.3% (group III), 0.5% (group IV) and 0.7% Trp (group
V), respectively, and minks in the positive control group (group VI) were fed a basal diet (crude
protein level was 36%, Trp level was 0.27%). The pretest period lasted for 5 days and the trial

lasted for 70 days. The results showed as follows: 1) there were no significant differences on the



average daily gain, average daily feed intake, dry matter digestibility, crude protein digestibility,
ether extract digestibility and nitrogen deposition of white minks among all groups (P>0.05), there
were no significant differences on the fur quality score of white minks among all groups (P>0.05),
there were no significant differences on the glutamic-oxalacetic transaminase activity and insulin
like growth factor- I content in serum of white minks among all groups (P>0.05). 2) The serum
total cholesterol content of white minks in group V was significantly higher than that in groups
II, III, IV and VI (P<0.05); the serum immunoglobulin M content of white minks in groups IV
and V was significantly higher than that in group II (P<0.05); the serum immunoglobulin A
content of white minks in groups IV and V was significantly higher than that in groups II 1II
and VI (P<0.05), and the serum immunoglobulin A content of white minks in groups IV was
significantly higher than that in group [ (P<0.05); the serum immunoglobulin G content of
white minks in groups IV was significantly lower than that in groups I II III and IV
(P<0.05). In conclusion, diet with 0.26% Trp level and 34% crude protein level can satisfy the Trp
nutrient basal requirement of white minks during winter fur-growing period, and has ideal growth

performance.

Key words: winter fur-growing period; white minks; tryptophan; growth performance; serum

biochemical parameters
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