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Table 1 Composition and nutrient levels of

the basic diet (air-dry basis) %

1 H Items
JEUK} Ingredients

4 & Content

%k Comn 64. 60
5 ¥ Soybean meal 18.80
%k Wheat bran 12.14
£k NaCl 0.30
IR E 85 CaHPO, 1.20
1% Limestone 2.20
DL - 45k DL-Met 0.26
L - ¥ L-Lys 0.18
Ye A RTURAE (TR 0.02
Vitamin premix ( without riboflavin )"’ '
fIHK Choline chloride 0.10
4 T Z IR kL Mineral premix® 0.20
41t Total 100. 00
3% K F Nutrient levels

HLEE H it CP 15.55
Rt ME/ (MIJ/kg) 11.44
% Ca 1.24
Bk TP 0.66
AR AP 0.38
i R Lys 0.91
HAIR + e R Met + Cys 0.73

VY A WU RN A T 5 b R R i Vitamin premix
provided per kg of diet: VA 4 000 IU, VD, 600 IU, VE
20 mg,VK, 2 mg, VB, 3.5 mg, /R niacin 50 mg, iR fo-
lic acid 1.0 mg,JZ 845 calcium pantothenate 10 mg, I 1% i
pyridoxol 2.5 mg, VB, 0. 01 mg, 44 % biotin 0.1 mg,

* ik T F BUR R A3 T 50 R $R 41 Mineral premix
provided per kg of diet: Cu 10 mg,Fe 80 mg,Mn 60 mg,Zn
60 mg,10.4 mg,Se 0.2 mg,

1.3 MEEIRKRTTE
JE S i WO B S e i 9 PR RE A, TR
AR, IR A A B AR

W EIE(g/ke) = A EER (g) /ARG (k) .

I35 S PUAALRE ST (T-AOC) | Bl S AL W)

AL (TSOD) {if P A5 e H Wi Bt (GR) {5 1 |
i AL S (CAT) 3 PRI N % (MDA ) # JiE 3R
FHCEEIAS o 1250 &y st B A ) AR
P fit, (4% B AR 15 UV - 2401PC 355k n] I
It
1.4 it

I P A3 28 % ) SAS 8.2 ft ANOVA HH
PEAT PN A B 7 2250, il Duncan (R34 #EAT
DA R BRI N EIE £ AR
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Table 2  Effects of ambient temperature, riboflavin and the interaction between them on reproductive organ indices

T MR FEAEL IE-Aig g R i O A AR LIPIKER N 2

Temperature/ Riboflavin/ Number of Ovarium weight Oviduct weight Oviduct length

T (mg/kg) samples (n) index/ (g/kg) index/ ( g/kg) index/ (cm/kg)

7~19 4 6 0.47 £0.01° 4.83 +0.35" 13.35 +3.86"

7~19 16 6 0.70 0. 10* 6.36 +0.20° 19.18 £2.16°

7~19 32 6 0.45 +0. 06" 6.35 +0. 38" 16.95 £1.26°

1~3 4 6 0.27 +0.07° 1.37 £0.62° 11.50 +1.52%

1~3 16 6 0.38 £0.03" 2.78 +0.27° 12.15+1.21%

1~3 32 6 0.36 £0.08% 2.29 +0.30° 9.70 +0.54°

MK E 7 224781 Two-way analysis of variance

17 ~19 18 0.54 +0.13° 5.85+0.81° 16.49 +3.47°

1~3 18 0.34 +0.08" 2.15+0.72° 11.11 #1.51°
4 12 0.37 +0.12° 3.10 £1.91° 12.43 £2.89°
16 12 0.54 +0.18° 4.58 £1.92° 15.66 +4.09°
32 12 0.40 +0.08" 4.32 +2.19* 13.32 £3.98"

P {8 P-value

V& Temperature 0.006 3 0.005 8 0.007 1

1% ¥ Z Riboflavin 0.005 1 0.006 3 0.043 8

TR JE x % @i & Temperature x riboflavin 0.043 8 0.400 8 0.039 7

[ — 351 H [5]81] v (6 8008 R Al Rl B s R B RR 22 A .3 (P >0.05) , RIR/NG FhERIR 22 57 3% (P <0.05)
ESGE

In the same column, values in the same item with the same or no letter superscripts mean no significant difference ( P >
0.05), while with different small letter superscripts mean significant different (P <0.05). The same as below.

®3 RENEMZEZRWELENRRRE RREERHZME

Table 3 Effects of ambient temperature, riboflavin and the interaction between them on immune organ and liver indices

T PR FEARL i i i B IRFERE AL T Fi H JF R 5
Temperature/ Riboflavin/ Number of Thymus index/ Bursal index/ Spleen index/ Liver index/
C (mg/kg) samples (n) (g/kg) (g/kg) (g/kg) (g/kg)
7~19 4 6 1.55 +0.04° 1.06 +0.01° 0.40 £0.01¢ 20.69 +0. 64"
7~19 16 6 1.78 £0.09° 0.96 0. 05° 0.50 £0.02° 19.15 +0. 72°
7~19 32 6 1.95 +0.05° 1.10 £0.03" 1.00 £0. 04" 17.76 0. 47°
1~3 4 6 1.18 +0.02¢ 0.82 +0.01° 0.43 £0.01¢ 23.17 0. 36"
1~3 16 6 1.84 +0.05" 0.97 £0.03° 0.60 £0.01° 23.34 +0.49°
1~3 32 6 1.81 +£0.05" 1.26 +0.05° 0.41 0. 03¢ 20.23 +0.57"
MK ZE )7 224781 Two-way analysis of variance
17 ~19 18 1.76 £0.18° 1.04 +0.07 0.64 +0. 28" 19.20 +£1.37°
1~3 18 1.61 +0.32" 1.02+0.19 0.48 +0.09° 22.24 +1.55°
4 12 1.36 £0.20° 0.94 +0.13° 0.41 £0.02° 21.93 +1.41°
16 12 1.81 £0.07° 0.97 0. 04" 0.55+0.05" 21.24 +2.31°
32 12 1.88 £0.08" 1.18 £0.10° 0.71 0. 32° 19.00 1. 40°
P {H P-value
i J& Temperature 0.006 5 0.429 1 0.007 6 0.008 0
¥ # % Riboflavin 0.039 8 0.008 4 0.006 9 0.003 9

15 x #% % & Temperature X riboflavin 0.003 2 0.006 9 0.005 1 0.004 2
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Table 4 Effects of ambient temperature, riboflavin and the interaction between them on indices of

serum antioxidant and lipid peroxidation

1 EE B R FEA%  BPiAfLRE A e H R WEAEAER  SEELY [

Temperature/ Riboflavin/  Number of T-AOC/ i J5 it CAT/ 155 Ak i MDA/

T (mg/kg)  samples (n) (TU/mL) GR/(IU/mL) (IU/mL) TSOD/(IU/mL) (nmol/mL)

7~19 4 6 25.28 £11.48 27.89 £5.18"™ 4.21 +0.17* 129.35+14.89 28.61 =0.81

7~19 16 6 21.28£0.73  33.60 £1.44™ 3.04 £0.13% 114.94 %12.18 27.51 +0.85

7~19 32 6 22.23 +3.15 33.68 £1.63™ 2.26+0.06° 117.30 =£3.58 28.16 +£3.24

1~3 4 6 22.80 =4. 39 22.87+1.99° 3.79 +0.26" 116.42 +9.30 29.43 £0.73

1~3 16 6 27.78+£1.80  35.33 £6.89" 3.40 +0.18° 131.95+10.68 28.96 x1.85

1~3 32 6 28.07 £0.82 33.52 £6.20® 3.31 +£0.07° 130.68 +£4.36 27.56 £0.96

WK 2 J7 22530 Two-way analysis of variance

17 ~19 18 22.93 £6.48 31.72+4.08 3.17 +0.84"° 120.53+£12.16 28.10+1.86

1~3 18 26.22 £3.56 30.57+£7.58 3.50x0.28" 126.35+10.68 28.65=+1.42

4 12 24.04 £8.15 25.38 +£4.52° 4.00 £0.30* 122.88 +13.41 29.02 +0. 84

16 12 24.53 £3.70  34.46 £4.70* 3.22 +0.24° 123.45+13.97 28.23 £1.54
32 12 25.15%3.78  33.60 +4.20" 2.78 £0.56° 123.99 +8.04 27.86 £2.23

P {f P-value

1 Temperature 0.306 9 0.276 6 0.034 2 0.470 1 0.2319

1% 1 % Riboflavin 0.096 7 0.007 5 0.042 9 0.342 7 0.198 6

1 E x ¥ # % Temperature x riboflavin 0.097 6 0.126 5 0.004 9 0.042 1 0.297 6
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16 mg/kg A AEFE 45 w25 Th i o M e P A B
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AUV A AL BE I RIS I A S Ak BT Ik 2O
SHPIAE T ¥ 58 L B B s CAT I M v 2 X 8 bz 3
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Effects of Riboflavin Supplementation on Growth, Immune Organ and
Antioxidant Function of Laying Ducks at Low
Ambient Temperatures

REN Yanming LU Yan WANG An”
(1. Institute of Animal Nutrition, Northeast Agricultural University, Harbin 150030, China; 2. Heilongjiang Veterinary
Medicine Feed Supervisory, Harbin 150009, China)

Abstract; The experiment was conducted to study the effects of riboflavin supplementation on growth and de-
velopment, immune organ and anti-oxidative ability of laying ducks at low ambient temperature. Two factors
(temperature X riboflavin) interactive experimental design was used in the experiment. The ambient tempera-
tures were (2 +1) C and (18 +£1) C, and supplemental levels of riboflavin in a basal diet were 4, 16 and
32 mg/kg, respectively. A total of 144 laying ducks ( Jinding duck, female, 12 weeks old) were randomly
allotted to 6 treatments with 6 replicates per treatment and each replicate comprised 4 ducks. The experiment
lasted for 42 days. The results showed that ovary weight index and oviduct length index were significantly af-
fected by the interaction between ambient temperature and riboflavin ( P <0.05) , however, the interaction be-
tween ambient temperature and riboflavin has no effect on the oviduct weight index (P >0.05). Immune or-
gan indices were significantly affected by the interaction between ambient temperature and riboflavin ( P <
0.05). There were no significant differences in serum total antioxidant capacity, the activities of glutathione
reductase and malondialdehyde concentration ( P >0.05). However, catalase and total superoxide dismutase
activity were significantly affected by the interaction between ambient temperature and riboflavin (P <0.05).
In conclusion, low ambient temperature is not conducive to growth and development of laying ducks, and ap-
propriately increasing dietary riboflavin level in diets can release cold stress response to a certain extent. [ Chi-
nese Journal of Animal Nutrition, 2011, 23(11) ;1912-1918 ]

Key words: cold stress; riboflavin; immune; anti-oxidation; laying ducks
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