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Abstract: Day old Arbos Acry (AA) chickens, 480 were randomly divided into 12 treatments with 4 replicates of 10 birds
per treatment, to investigate the influence of dietary zinc and vitamin A levels on production performance, immune
competence, serum insulin concentration, serum ALP activity and CuZn-SOD activity in serum and liver. Supplemental
levels  were: 40,  80,120, 160, 200 and 320 mg of zinc/kg diet; 2,700 and 8,800 IU of vitamin A/kg diet. Results showed
that  zinc  requirement  for  broilers  probably differs  with  age,  amounting  320 mg zinc/kg diet from 0 to 4 weeks, but
80-120  mg/diet  from  5  to  7  weeks.  Supplemental  vitamin A 2,700 IU kg  diet was sufficient through the whole1

period.  Dietary  zinc  added  levels significantly (p<0.01) affected feed:gain from 1 to 28 days, feed:gain was minimum
for 320 mg added zinc/kg diet. Dietary zinc significantly (p<0.05) affected HI results, thus HI values reached a peak with
80-120 mg zinc added /kg diet. Dietary zinc significantly (p<0.01) affected serum CuZn-SOD activity and insulin
concentration, serum CuZn-SOD activity reached a peak with zinc added levels being 80-120 mg kg  diet, serum insulin1

concentration reached a peak with 320 mg zinc added /kg diet. 8,800 IU vitamin A/kg diet significantly (p<0.05) reduced
feed: gain from 1 to 28 days and significantly (p<0.01) depressed serum insulin concentration. The interaction effect
between zinc and vitamin A was significant (p<0.01) for the feed: gain from 1 to 49 days, feed:gain was lower for the diet
supplied 120 mg zinc/kg diet and 2,700 IU vitamin A/kg diet from 1 to 49 days. The interaction effect significantly
(p<0.01) affected T-lymphocyte transformation rate with or without PHA adding. Serum ALP activity was significantly
(p<0.01) affected by the interaction effect and reached a peak with zinc added level being 80 mg kg  diet and 8800 IU1

vitamin A/kg diet.
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INTRODUCTION treatments. Donmez et al. [6]  reported that body weight gain

The requirement for zinc and vitamin A in the diet of lower in broiler chicks supplemented with 125 mg Zn/L drinking
broilers has been widely studied. However there are still many water compared with 500 or 1000 mg Zn/L. Burrell et al. [7]
discrepancies to solve. For example, the zinc requirement showed that optimum body weight gain of broilers was achieved
advised in many countries is almost the same(40 mg kg  diet) at 80 mg kg  supplemental zinc, which exceeds the NRC1

through the whole period, but some researches showed that the recommendations of 40 mg kg  diet. 
40 mg zinc/kg diet was not sufficient for broilers to reach better Similarly, the range of recommendation for vitamin A is
performance. Xiuyun Wu [1] reported that the appropriate zinc very large, from 1,500 IU kg  diet up to 28,000 IU kg  diet for
level was 83 mg kg  diet for weight gain of AA broilers, but some feed manufacturers [8]. The influence of dietary vitamin1

being 130-150  mg  zinc/kg  diet  for maximum zinc deposition A levels  on production performance of broilers has been
in tibia and level in serum. Dechao Liu [2] reported that zinc studied by a number of previous researchers, but great
level should be 160-172 mg kg  diet for best weight gain. differences exist in the results. Aburto and Britton [9] reported1

Cunxiao Sun [3] reported that the zinc level was 210 mg/diet to that the body weight of broilers decreased when the dietary
get best feed efficiency. Mohanna and Nys [4] reported that a supplemental  vitamin  A  level  was 80,000 IU kg  diet.
dietary zinc concentration of 45 mg kg  was sufficient to obtain Abawi and Sullivan [10] showed that feed efficiency in broilers1

normal broiler performance. Kim and Patterson [5] reported that was significantly affected by dietary supplemental vitamin A
weight gain, feed consumption and feed efficiency of broiler levels  (1,000,  10,000 and 100,000 UI kg ). Feed efficiency
chicks fed the diets supplemented with 1,500 mg kg  diet zinc was  better  with  the  supplemental  vitamin A level being1

as ZnSO  were significantly lower than those of the other 1,000  IU  kg .  The  influence  on production  performance in4

was significantly higher and feed efficiency was significantly
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Table 1: Dietary composition and nutrient levels
Compositions (%) Level
---------------------------------------- ---------------------------------------

Ingredients 0~4 week 5~7 week Nutrient 0~4 week 5~7 week
Corn 55.00 59.65 ME, MJ/kg 12.16 12.59
Soybean oil 1.55 2.80 CP (%) 21.02 19.04
Soybean meal 37.00 29.50
Sunflower meal 2.00 Met+Cys (%) 0.84 0.68
Fish meal 2.00 2.00 Lys (%) 1.11 0.95
Stone meal 1.45 1.35 Calcium (%) 1.00 0.90
CaHPO 1.54 1.30 Available P (%) 0.46 0.404

Met 0.16 0.10 Zn tested in basal diet (mg kg ) 16.30 17.201

Salt 0.30 0.30
Choline 0.13 0.13
Trace mineral premix 0.20 0.20A

Vitamin premix 0.02 0.02B

Mineral composition (mg kg  diet): copper 8.00, manganese 80, iron 80, iodine 0.30, selenium 0.15; A 1

Vitamins in amounts per kg diet: D  400 IU, E 20.00 IU, k  0.50 mg, B  1.50 mg, B  3.60 mg, B  10.0 mg, B  3.00 mg, B  27.0 0mg, B  0.009 mg,B
3 3 1 2 3 5 6 12

B  0.150 mg, B  0.55 mg7 11

broilers was not significant over a wide supplemental vitamin A (clone 30) Vaccines (Hei Longjiang Chemical Product Corp.,
range [11, 12]. Song zhigang and Lin hai [13] reported that China) were given in drinking water on day 21. All chickens
broilers got better performance when vitamin A were cared for in accordance with the Animal care guidelines of
supplementation level was 12 000 IU kg  diet. animal welfare of Shan Xi China Tai Co., Ltd. 1

In addition, an interaction between zinc and vitamin A has Body weight and feed consumption data from each
been observed in human and rats [14, 15]. This interaction has replicate of birds were recorded at 28 and 49 days of age,
not been reported in poultry and the interaction relationship respectively. Birds were weighed by pen.
affects the requirement of the two nutrients. Blood samples were taken at 49 days of age from 1 bird

Because previous studies mainly focused on production per replicate (4 birds per treatment) to measure biochemical
performance, rarely considered the blood indices, immune indexes.
competence and the interaction, it is necessary to further
investigate the effect of dietary zinc and vitamin A Experimental parameters:
supplemental levels on the health and performance of broilers.

MATERIALS AND METHODS titers were determined by means of microhemagglutination-

Experimental design and birds: Effects of interaction of
dietary zinc and vitamin A on broilers’ performance, immunity, Blood T lymphocyte transformation rate: Peripheral blood T
serum ALP and serum and liver CuZn-SOD activity and serum lymphocyte transformation rate were determined with
insulin concentration were studied using a 6×2 factorial design. morphology method [17].
The experimental design was a Randomized Block Design with
4 replicates per treatment. Factors were dietary zinc (40, 80, Determination of serum ALP activity and serum and liver
120, 160, 200 and 320 mg kg  diet) and vitamin A (2700 and CuZn-SOD activity: ALP activity was determined with King1

8800  IU kg  diet). AA chicks (n = 480, age 1 day, 1/2 male, method. CuZn-SOD activity was determinated with reagent kit1

1/2 female) from Shan Xi China Tai Co., Ltd were divided into from Biochemical Technique Center of Huaqing in Beijing.
12 groups of 40 chicks each (10 birds per replicate) in an
experiment lasting 7 weeks. Determination of insulin concentration: Serum insulin

Birds were fed a corn and soybean-meal-based mash diet, concentration was measured by radioimmunoassay as described
the diet was formulated according to the Chinese Nutrient by Hammon and Blum [18].
Requirement of Broilers (Table 1). The broilers were housed in
painted metal cages, with each replicate in a 2-storey cage. Feed Statistical analysis: All the data were analyzed according to
and water were provided for ad libitum consumption. Newcastle 2-way ANOVA (SAS [19]) and the treatment means were
(MA5+clone 30) Vaccines (Hei Longjiang Chemical Product separated by Duncan’s Multiple Range Test. Statistical
Corp., China) were given on day 7 by eye dropper. Newcastle significance was at p = 0.05 for all statistical tests.

Determination of serum antibody titers: Serum antibody

inhibition (HI) test at 49 days of age [16].
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Table 2: Body weight gain and feed to gain ratio (Mean±SD)
Supplemental amount 1 to 28 days 1 to 49 days
---------------------------------------- --------------------------------------------------------- ----------------------------------------------------------
Zinc Vitamin A Body weight gain Feed:gain Body weight gain Feed:gain
(mg kg ) (IU kg ) n (g) (g:g) (g) (g:g)1 1

40 2700 4 660.30±15.30ab 1.67±0.13a 1680.00±85.4ba 2.47±0.12a
8800 4 677.30±13.80a 1.53±0.08ebdc 1710.00±72.10ba 2.35±0.13bdac

80 2700 4 708.00±8.90ab 1.55±0.13ebdac 1863.09±71.20a 2.27±0.08de
8800 4 652.70±19.00a 1.50±0.14ebc 1643.26±91.00ba 2.42±0.11bac

120 2700 4 688.70±44.20a 1.62±0.11bac 1873.33±78.31a 2.20±0.09e
8800 4 705.70±37.60a 1.48±0.08ed 1790.36±43.86ba 2.43±0.12ba

160 2700 4 713.00±21.30a 1.55±0.12ebdac 1820.91±45.51a 2.35±0.12bdac
8800 4 678.00±71.10a 1.62±0.14bac 1720.06±73.02ba 2.30±0.11bdec

200 2700 4 688.30±22.90a 1.65±0.14ba 1796.70±60.88ba 2.36±0.12bdac
8800 4 650.00±36.00a 1.61±0.09bdac 1720.00±68.88ba 2.29±0.15dec

320 2700 4 713.00±90.60a 1.44±0.14e 1750.95±60.88ba 2.37±0.06bdac
8800 4 712.70±35.20a 1.44±0.08e 1796.95±43.8ba 2.40±0.17bdac

40 8 668.80a 1.60ba 1695.00a 2.41a
80 8 680.30a 1.53bc 1753.30a 2.35ba
120 8 697.20a 1.55ba 1831.70a 2.32b
160 8 695.50a 1.59ba 1770.00a 2.33ba
200 8 669.20a 1.63a 1758.00a 2.33ba
320 8 712.83a 1.45c 1773.30a 2.39ba

2700 24 695.22a 1.58a 1797.54a 2.34a
8800 24 679.39a 1.53b 1730.11a 2.37a

p-value zinc 0.4106 0.0016 0.4559 0.1467
VA 0.2674 0.0408 0.0767 0.2372
zinc*VA 0.5424 0.1034 0.3432 0.0006

Table 3: Microhemagglutination inhibition and T-Lymphocyte transformation rate (%) (Mean±SD)
Supplemental level At the end of week 7
----------------------------------------------- --------------------------------------------------------------------------------------------------
Zinc VA T-Lymphocyte T-Lymphocyte
(mg kg ) (IU kg ) n HI No-PHA PHA-adding1 1

40 2700 4 5.50±0.58a 1.75±0.25ecd 42.5±1.00dc
8800 4 6.25±0.95a 1.25±0.75efcd 34.5±4.00ghf

80 2700 4 7.25±0.50a 2.50±1.50bc 40.5±2.50dce
8800 4 7.50±0.53a 1.00±0.50efd  49.5±3.00ba

120 2700 4 7.50±1.73a 4.00±1.00bcd 51.0±5.5a
8800 4 6.50±1.29a 0.75±0.75ef 35.3±3.75ghfe

160 2700 4 4.75±2.06a 1.50±0.50efcd 30.0±2.00h
8800 4 5.25±2.63a 0.25±0.25f 32.5±1.50gh

200 2700 4 5.50±1.00a 2.25±0.75bcd 39.0±3.50dfe
8800 4 6.25±0.96a 3.25±0.75ba 54.5±1.00a

320 2700 4 6.50±1.73a 3.25±0.25ba 45.0±0.50bc
8800 4 7.00±0.82a 1.00.±0.30efd 36.0±2.00gfe

40 8 5.88ba 1.5bc 38.5d
80 8 7.38a 1.75bac 45.0ba
120 8 7.00a 2.38ba 43.1bc
160 8 5.00b 0.88c 31.3e
200 8 5.88ab 2.75a 46.8a
320 8 6.75a 2.13ba 40.5dc

2700 24 6.17a 2.54a 41.3a
8800 24 6.46a 1.25b 40.4a

P-value zinc 0.0216 0.0051 0.0001
VA 0.4848 0.0001 0.3300
Zn*VA 0.8281 0.0019 0.0001

Means within a column followed by the same letter are not significantly different (p>0.05)

RESULTS 2700 IU kg  diet and from 1 to 49 days, when zinc

Production performance: Body weight gain was not affected supplemental  level  was 2700 IU kg  diet. The effect of
(p>0.05) by zinc, vitamin  A  and their interaction effect from dietary zinc and vitamin A levels on feed:gain ratio reached
1 to 28  days  and  from  1  to  49 days, but it was slightly statistical  significance  from  1 to 28 days (p<0.01 and p<0.05,
higher  from  1  to 28 days when zinc supplemental level was respectively), it  was  lower  when  zinc  supplemental level
320  mg  kg  diet  and  vitamin  A  supplemental level was was   320   mg   kg    diet  and  vitamin  A  8800  IU  kg  diet.1

1

supplemental level was 120 mg kg  diet and vitamin A1

1

1 1
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Table 4: The activity of CuZn-SOD In serum and liver, ALP activity and insulin concentration in serum (Mean±SD)
Supplemental level At the end of week 7
---------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------
Zn VA CuZn-SOD activity CuZn-SOD activity ALP activity Insulin concentration
(mg kg ) (IU kg ) n in serum (IU ml ) in liver (IU g ) in serum (King U/100 mL) (µIU mL )1 1 1 1 1

40 2700 4 77.52±15.45ba 1593.21±126.10bac 155.00±28.58f 3.15±1.06cbd
8800 4 74.34±9.24ba 1626.73±547.02bac 560.00±81.65b 2.62±0.21cd

80 2700 4 79.38±7.14ba 1532.05±398.66bc 380.00±83.37dc 4.84±1.26a
8800 4 84.43±4.65a 2118.10±87.01ba 925.00±46.37a 3.15±1.30cbd

120 2700 4 85.63±6.53a 1934.25±209.15bac 306.68±27.18dc 1.53±0.05d
8800 4 79.15±6.35ba 1680.50±93.90bac 160.00±67.45f 1.47±0.71d

160 2700 4 66.68±5.30bc 1956.73±224.36bac 145.00±58.88f 3.36±0.33cbd
8800 4 75.60±3.79ba 2066.40±315.82ba 328.33±27.18d 2.76±0.34cd

200 2700 4 54.95±8.63dc 2173.97±359.66a 151.00±60.01f 3.67±0.88cb
8800 53.54±8.45dc 1893.88±309.35bac 223.33±57.20fe 2.52±1.00cd

320 2700 4 51.07±13.90d 1343.48±783.83c 207.68±58.97fe 7.41±2.01a
8800 4 35.16±12.44e 1744.12±312.72bac 457.33±127.92c 4.99±2.53b

40 8 75.93ba 1610.0bc 357.50b 2.89b
80 8 81.90a 1825.1bac 652.50a 3.99b
120 8 82.39a 1807.4bac 233.34c 1.50c
160 8 71.14b 2011.6ba 236.66c 3.06b
200 8 54.24c 2033.9a 187.16c 3.10b
320 8 43.12d 1543.8c 332.50b 6.20a

2700 24 69.20a 1755.60a 224.22b 3.99a
8800 24 67.04a 1855.00a 442.33a 2.92b

p-value Zn 0.0001 0.0571 0.0001 0.0001
VA 0.4312 0.3554 0.0001 0.0038
Zn*VA 0.1543 0.1422  0.0001 0.4099

Means within a column followed by the same letter are not significantly different (p>0.05)

The interaction was significant  (p<0.01)  for  the  feed:gain and reached a peak with dietary zinc level being 80 mg kg  diet
from 1 to 49 days and the feed:gain reached a lower data, when and vitamin A 8800 IU kg  diet (Table 4).
zinc supplemental level was 120 mg kg  diet and vitamin A1

2700 IU kg  diet (Table 2). Insulin  concentration: The  serum   insulin  concentration1

Immune competence: The HI results were significantly vitamin A levels at the end of week 7 and reached a peak, when
(p<0.05)  affected  by  dietary  zinc levels from 1 to 49 days dietary  supplemental  level was 320 mg zinc/kg diet and
and  reached  a  peak,  when   zinc   supplemental   level  was vitamin A 2700 IU kg  diet, respectively.
80-120 mg kg  diet. T-lymphocyte transformation rate was1

significantly  affected  (p<0.01) by the interaction effect DISCUSSION
without PHA adding from 1 to 49 days and reached a peak,
when  zinc  supplemental level was 120 mg kg  diet and The effect of dietary zinc levels: The recommended zinc1

vitamin A supplemental level 2700 IU kg  diet. T-lymphocyte requirement for broilers is 40 mg kg  diet for almost all1

cell  transformation  rate  was  significantly  affected (p<0.01) countries and no difference for different stages is reported.
by  the  interaction effect between zinc and vitamin A with Many  researches  showed that 40 mg zinc/kg diet is far less
PHA adding from 1 to 49 days and reached a peak, when zinc than the real requirement for broilers to gain better production
supplemental level was 80 mg kg  diet and vitamin A performance and biological indexes. Xiuyun Wu [1] reported1

supplemental level 2700 IU-8800 IU kg  diet (Table 3). that zinc requirement for broilers is 83 mg kg  diet to get best1

CuZn-SOD activity: The serum CuZn-SOD activity was deposition in organs. Dechao Liu [2] did a research on broilers
significantly (p<0.01) affected by dietary zinc levels at the end to investigate zinc requirement, results showed that zinc
of week 7 and reached a peack, when zinc supplemental levels requirement is 160-172 mg kg  diet to get best body weight
was 80-120 mg kg  diet. Liver CuZn-SOD activity approached gain, 165-176 mg kg diet to get best feed efficiency, 106-2161

the significant level (p = 0.0571) and reached a higher level, mg kg  diet to get best N-deposition and 143-221mg kg  diet
when zinc supplemental amount was 160-200 mg kg  diet to get lowest serum uric acid. Park Waldroup [20] report that1

(Table 4). zinc requirement is 165.3 mg kg  diet for broiler to get better

ALP activity: Serum ALP activity was significantly (p<0.01) is  210 mg kg  diet  for broilers to get best feed efficiency.
affected by dietary zinc, vitamin A levels and their interaction Rijun Zhang [21] reported  that zinc requirement is 85 mg kg

1

1

was  significantly  (p<0.01)  affected by dietary zinc and

1

1

1

body weight gain, but 130-150 mg kg  diet to get best zinc1

1

1

1 1

1

performance.  Cunxiao  Sun [3] reported that zinc requirement
1

1



World J. Zool., J., 1 (1): 17-23, 2006

21

diet for broilers to get better production performance and amount is 80-120 mg kg  diet. The fact that CuZn-SOD
immune competence. Ting He [22] did a research to investigate activity was affected by dietary zinc levels has been proved by
the zinc requirement of broilers, results showed the zinc many  researchers  [26-28].  But  a  few   reports  showed
requirement is 40-50 mg kg  for broilers to get better CuZn-SOD  activity  was not affected by dietary zinc levels1

production performance, serum CuZn-SOD activity and zinc [22, 29]. Present results show that dietary zinc levels
deposition in tibia. Kim and Patterson [5] conducted an significantly  (p<0.01)  affected  serum   CuZn-SOD  activity,
experiment to evaluate the effects of zinc supplementation of its  activity  reached  a  peak  with  dietary  zinc  levels being
broiler diets on growth performance and loss of uric acid N and 80-120 mg kg  diet. 
total  N  from manure, their results showed that weight gain, This means the zinc requirement is probably different at
feed  consumption  and  feed  efficiency  of  chicks  fed  the different feeding stages, no researches about this have been
diets supplemented with 1500 mg kg  zinc as ZnSO  were reported. Because our result did not show significant difference1

4

significantly  lower  than  those of the other treatments and and only production performance was considered for different
zinc-supplemented diets had significantly less total N loss stages , further investigation is needed. 
compared with that from chicks fed diet without zinc
supplementation. Donmez  et  al. [23] reported that body The effect of dietary vitamin A levels: Many researches
weight  gain  were  significantly  higher  and  feed efficiency proved that dietary vitamin A supplemental levels (within large
were significantly  lower in broiler chicks supplemented with added ranges) did not significantly affected performance of
125 mg zinc/L drinking water, compared with chicks broilers [11, 12], great difference exists for further to investigate.
supplemented with 500 or 1000 mg zinc/L drinking water. Aburto and Britton [9] reported that the body weight of
Donmez et al. [6] also reported ANAE (+) lymphocyte rate broilers decreased, when the dietary supplemental vitamin A
significantly increased in 125 mg kg  drinking water zinc- level was 80000 IU kg  diet. Abawi and Sullivan [10] showed1

supplemented group compared with groups in which zinc that feed efficiency in broilers was significantly affected by
supplemental levels were 0, 500 and 1000 mg kg  drinking dietary supplemental vitamin A levels (1000, 10000 and 1000001

water. Bartov [24] carried out a study with broiler chicks to UI kg diet), with the supplemental level 1000 IU kg  diet
evaluate the  possibility  of  using dietary zinc supplied as being the best. Jun Chunhuang [30] reported that body weight
ZnO, to control feed intake and weight gain, the levels of gain of broilers was significantly decreased when vitamin A
supplemental zinc tested were 0, 2500, 5000 and 10000 mg kg supplemental amount was 20000 IU kg  diet compared with1

diet, results showed that feed intake and weight gain were the group of 1500 IU kg  diet. Chunshan Zhang and Junfung
negatively proportional to the levels of dietary zinc Jiang [31] reported that broilers’ production performance was
supplementation and there were significant negative correlations not significantly affected with vitamin A supplemental levels
between supplemental dietary zinc levels and relative weight being 750, 1500 and 2700 IU kg  diet. 
gains.  Burrell  et  al. [7] reported that optimum body weight Present research showed that body weight gain was
gain was achieved at 80 mg kg  supplemental zinc in an depressed and feed:gain was larger, when dietary supplemental1

experiment  in  which  broilers  were given a maize-soybean vitamin A was 8800 IU kg  diet in contrast to 2700 IU kg
meal basal diet (30 mg kg  zinc) supplemented with 0, 20, 40 diet in control diet from 1 to 49 days, but feed:gain ratio was1

and 80 mg kg  of zinc from zinc sulphate. Virden et al. [25] significantly (p<0.05) lower from 1 to 28 days when vitamin A1

reported that broiler breeders fed supplemental zinc 75 mg kg added level was 8800 IU kg  diet (Table 2).1

diet sired progeny with improved cardiac functional capacity Martin  et  al.  [11] reported that antibody titre for NDV
and some improvements in immunity. in broilers was significantly increased and the ratio of

From the results reported by previous researchers, we CD4 :CD8  was significantly decreased (p<0.05), when dietary
could know that zinc requirement for broilers is probably 2-5 supplemental vitamin A level was 400IU kg , but not when
times the recommended amount by many countries and supplemental  vitamin  A  levels  were   between  1500-15000
difference still exists to further investigate. IU kg . This result suggests that a relatively low dietary level

Present research showed that the production performance improves  antibody production, whereas a higher vitamin A
(body weight gain and feed:gain rate) get a better data, when level promotes immune ability of T-cell. Present data showed
added  zinc amount is 320 mg kg   from  1  to  28  days  and that the HI results for NDV were not affected significantly1

80-120 mg kg  diet from 1-to 49 days (Table 2). Present (p>0.05)  by  dietary vitamin A levels, but the value was1

research also showed that dietary zinc levels significantly slightly  larger in the group of 8800 IU vitamin A/kg diet. The
(p<0.05) affected HI results (Table 2) and serum CuZn-SOD T-lymphocyte transformation rate was significantly affected
activity (p<0.01)  and both reached their peak, when added zinc (p<0.01)  by  dietary  added  vitamin  A  levels   without  PHA

1
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