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Table 1. Chemical composition of experimental feed in the basal diet.

wboyr LS o s o oy band S 5
Basal diet ~ Wheatbran  Barley grain  Alfalfa hay Chemical composition

Y. L4<.~:;.7- -] LA

93.1 90.2 935 925 (422) >
Dry matter (%)

&.:;.7‘- osle ) = -
13.0 16.6 118 154 ( e o) pl s
Crude protein (% DM)

e o LA S “. °

17 2.0 16 18 (S eale o )s) s 51 oolas
Ether extract (% DM)
i osle 3) <l — =0l
317 50.2 208 53.9 (St eale o s) D=3 -0
Neutral detergent fiber (% DM)
i osle 5 — -l
15.8 115 7.0 36.0 (S osle d209) S s =
Acid detergent fiber (% DM)
i osle = Sk

5.7 6.6 46 7.9 (St esle o) el oS
Ash (% DM)
(b SAS 5 IS o i L5 (5350

2.8 25 31 2.0 L
ME"(Mcal/kg)
0.6 0.1 0.1 17 (St esle o 3) orlS
Ca (% DM)
23.1 80.3 205 233 (2 ool £ SAS 205 ) 50
Zn (mg/kg DM)
iotosle p S $

11.0 9.0 70 20,0 (i osle p SAS 10 S he) oo
Cu (mg/kg DM)
Kzt o3l p S Y - al

178.2 153.6 90.4 377.1 ( slep SAS e S k) oo
Fe (mg/kg DM)
iz osle o S g Y

40.0 40.0 40.0 70.0 ( o ¢ SAS 20505 s

Cd (ng/kg DM)
sl 02 asloms (Y V) NRC bl 2 e lie LB (5551 )
1- Metabolizable Energy was calculated based on NRC (2007)

VY.


http://www.sid.ir

VYAF (F) 0jlowsd (F) BSS lotuadd 45 iass s puld

o 3 Bl (5l T 56 b slanin a0y 53 G s Il Lae a3l g8 51
ST 5 le sl 05,5 ss a4 islal DL Spen s ol OLL 53 55055
OF cole) b 5l dn 5 (A Cole) o s 33 53 oy (2281t Ll e (p502lS)
To 2 Cug 5o Jd 5 edd Sl e lal pesss Y epse S s s 5 Ad el
Srae M S a3 0 S e Ve Ol (eSS JSE @) eSS
ey p s ek bl e S slae 4 @S s b bglsie Sy gon 5 sl
5 ek ool Sl s LS LS)JIC“-? o5 308 5as S ekilasly e ooy Sby
Gl e Sl e b (S osle olal ) ad b 5 s @l S elilesils
Wiy Candy pp S LS 25055 Ghlol gl s ey ama 535 Lasiie ol
sl b Gl 55 55 035 onSSke) 035 OLL L3 5 LU 5o o35l o Waay 055 Sl eis
A s (ST 5 O 5l e e Coell VEVE) L10E g e
3 S s slad S dhsn e M a5l Gt RlesT Ve 5 Y0 Gho slags, s
0 05 Sk ped o w8 Slp oKlesl 55 S g 5 wsed Lo plas Sl sy s b
bt Sl hla3T Oloj B s pad p s 5 LS S5 mlo aids 53 Fore 5 L adds V0 ke
(b el IS S S o3I ) SR YO BESINVICIR AR SHES DISE
Sadl 5 geal (N CAST) 51al 5 gl S Ll LSL"‘('-.’.J'-.’T Cdled 5 Sl S 5 eyl
RIS Slpaad w5550 (ALP) 56lind (o VSIT (GGT) 5lyawsl 5 Jb S LIS (ALT)
Sl Gl s eslil (CPK) ks send 51 s 5 (Bone Specific ALP) stles
53 oS0 plem L3 4id3 N0 eay s ALP (6 Seill 5l ey ALP - Sl o 355!
b Qs 3 31 oy 5 33,8 bt Sl o315 500 B s osls 13 518 Sl a3 0F (sl
m-ﬂm e a3 5 sl siolesl et ol L oas oS3l ALP o)bss  bsy Olea
Corning 410) ;e g ool olSaus 5l oslial b oo Olje 3 S ond b yod ALP il isnl
el BT-1500) 55T 51 olSas dow sy oliocd e o iolosl i ons (Ol L
elod sl AOVTA et IS 58is ) Ose5l ol S50 plesdsn benS 5 (UL
osle 31 asl 5 gel SUoLl DFvenid ol sl S VP e Yd ol oyl gl A0re e

AYe oY lad hawl s JebdS LE O ol 5hauil s sl VT OFee A

AR


http://www.sid.ir

OS2 9 5k Jrol e

el gmes Sl eslizal b OV e )0 oyled 5hSsand 3,8 OFreeeY ojled blaws VST
A ploil oS o3l

DB b ran 1) (65 Shes Slio s SIUT SAS il 5l eslizal U Lassls s

5 ke Sl T ol o CalssS Jele 035 B L (e LS o s 5 €5, 00

53 ekl 1SS Slaclhl Oy peoas (WAl (6,8 o3I) Cilises sladle) 5 8 Slis) Slis sl

wals o a1 51 eslinal U ba oSl anglie dind 0T bolas Sl = b 6 55 0o A

2 S e 100 gl man L S

b e St o3le SOl il ol 03,51 Y sd s bae 5 Shas 5 iolesT slasles

Shls gols gme sba <=J§ QVYEA- £ 3028 05,5 43 s rjf\\/\\‘:i:\‘/\ ol oy S s Ll
03 als o S gl sz YAFENY) Wliss 0oy il il ke copamen (P<t/0Y) 55 CD
e 3 dala o5 8 gl 00FY) Ll Lis oo 5 (pswedlS s S glp p S VAENF Ll

(P</0)) Ws g Sls sme D (gl ((’j:“LS 05 S &l Ve /PEVA

Maep s Shos p (abo3l slajleas F1-Y Jpar
Table 2. Effect of experimental treatments on performance of lambs.

Y L S
P- value £ . o5
Cadmium Control Item
| < 5 i osle
<0.01 973°+80 1184°+48 G002 0558 2 T ’
Dry matter intake (g/day)
<0.01 78°+16 214413 (G0 2 050 s 035 A1
Average daily gain (g/day)
(RE: § o g
<0.01 10.6°+1.9 5.540.3 M e 2

Feed conversion ratio

Al et /00 c]a.—zjé Dl e bl Ld 35y o kasOlis Cany o s Soglie LBy >
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 3. Effect of experimental treatments on serum none enzymatic parameters of lambs.

P- value S L 55 Ak
Cadmium Control Day Parameter
0.56 19.40 +10.2 16.40 + 4.6 0 P
W 059l il

0.01 2420°+2.4 1920+ 4.9 35 (A f’s@\f”) fom 20
0.18 2320495 20.40 0.9 70 Serum urea nitrogen (mg/dl)
0.64 1.22+0.1 1.18+0.1 0 B .

- .o .
0.81 1.20+0.2 1.18+0.1 35 (A2 205 5k) oS
0.52 1.20+0.1 1.24+0.1 70 Creatinine (mg/dI)
0.56 14260 +4.8  143.40+24 0 .
009  142.80+41  139.20+0.1 35 (s 2 dpre) g
0.52 14020 £5.8  142.40+5.3 70 Sodium (mmol/dl)
0.89 618+ 0.5 6.12+0.9 0 B -

- L' .os

0.84 6.68 + 0.6 6.74+0.3 35 (s 2 p S k) 6 oo
1.00 6.78 0.5 6.78 +0.4 70 Total protein (g/dI)
0.28 3.92+0.3 4.08+0.2 0 B :

- . \
0.10 382+ 0.3 410+0.9 35 (Ao 05 o) L
0.04 3722403 4.06°+0.1 70 Albumin (g/dl)

Js.J:L:j 0 cb.w)b )‘33&» 6)LAT\_B)’\2>\ S slaasOHlis x_,:l.p)]ﬁh): uju:.» &_5‘5}>
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 4. Effect of time on serum none enzymatic parameters of lambs.

p- value \AISEY YO 55, Ao 35 s el
Day 70 Day 35 Day 0 Treatments Parameter

0.10  20.40°40.9 19.20+2.4 16.40°+4.1 _— s g2 S ) o sl
Control

049  2320#4.2 24.20+2.2 19.40+102 ’F Serum urea nitrogen (mg/dl)
Cadmium

093  120£00  118:0.1 118t0.1 s 05 o) il S
Control

0.95 1.2420.1 1.2020.2  1.22#0.1 fﬁ”f‘s Creatinine (mg/dl)
Cadmium

0.09  142.40%*+45 139.20°+1.1 143.40°+1.5 el s 2 Jsnishen) s
Control

059  140.20+5.8 142.80+4.1 142.60+6.0 f’f”’_‘s Sodium (mmol/dl)
Cadmium

0.12 6.78+0.3  6.74+0.3  6.12+0.8 a— Gl 2 p S k) o6 s
Control

0.20 6.78+05  6.68+0.5  6.18+0.5 W’_S Total protein (g/dl)
Cadmium

088  406:01  410:01 40802 % s 2 05 o) o
Control

0.58 3.72#03  3.82+0.3  3.92+0.3 Wfs Albumin (g/dl)
Cadmium

Js.J:L:j 0 cb.w)b )‘33&» 6)LAT\_B)’\2>\ S slaasOHLis x_,:l.p)]ﬁh): uju:.» &_5‘5}>
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 5. Effect of experimental treatments on serum enzyme activity of lambs.

P- value £ o o2 Ak
Cadmium Control Day Parameter
0.21 11720 £ 16.1 106.40 £ 8.7 0 o1
- I I3 gl ULl
0.13 139.80 + 20.1 119.80+10.6 35 (2 2 Als) SA el B
0.18 133.20 + 23.7 116.40 + 9.9 70 Aspartate aminotransferase (U/L)
0.83 36.80 £ 10.3 35.60 £ 6.7 0 N
- I4) 3l |3 gnl - |
0.71 39.20+5.1 3820+25 35 (A 2 210) LA el Y
1.00 3920+ 1.9 39.20+4.3 70 Alanine aminotransferase (U/L)
0.87 4980+85 50.60 £ 3.1 0 o
: 15) 5l 5 ol JS LIS
028  6140+101 67.60+71 35 (2 ) SLA S
0.88 65.60 + 6.5 66.40 + 10.5 70 Gamma glutamy! transferase (U/L)
0.78 324.20 + 65.2 337.60 + 92.6 0 o p
" [4) 3blacs - JII
0.02 351.20°+110.3 682.80°+266.8 35 ("J XS oA
0.02  388.40°+94.1  649.40°+1219 70 Alkaline phosphatase (U/L)
0.73 305.60 + 56.9 320.60 + 85.2 0 . s wel a1 T
0.02  331.40°+887  479.60°+203.7 35 () Sl AT Sl o 502
0.02 334.20° + 41.1 503.60%+ 189.2 70 Bone specific alkaline phosphatase (U/L)
060 311.20+191.2  26220+71.4 O .
x 1) sks 5l
004  34340°+965  229.20°+525 35 <’_‘J s 5 S oS
<0.01 327.80°+325 180.20°+38.7 70 Creatine phosphokinase (U/L)

Jw"ul.:j 0 Cla.w)é)lbk;'au Lg)LdT eS| S skasOHlid ;:‘-53);‘“)3 c,‘ju:» \_'9‘5}>
Means with different superscript letters in rows are significantly different (p<0.05).

s Camdy odasOlil oS Sl laasls Olgea ALP ("’J"T Clled s ad Dbl 5o

w81 e Gl 5 slos gy (shS law 3Tanl GLls w3l pl (YY) A3l e Ok 53 55

il s o ol oS L Gl erle L5 e ALP cJle i
A O 358 e esls e 5 skte s (GBT) Sl 5 Jueli 48 LIS wﬂ ol sl s

L{&)?dﬂs L> ol )La.:: eJ; BL Ve JY'O 6\.&)'}) L QT Lﬁ"‘jm‘ V-’Jjjﬂ‘ jALP C,..:Mx_‘) )\J&&A

A e


http://www.sid.ir

VYAF (F) 0jlowsd (F) BSS lotuadd 45 iass s puld

UL ALP Sl o 5lspl cdls 2als 51 s Olgn b a8k e 05 8 cnl 53 Glosss
(YY) Gl 55 S 5 sp0lS |55

5 A3k e hae slie Sls OF o dlad oS ol a3 o 5 ool 51 G CPKC i
53 CPK e 33 5 o oalins O Jsd 3 a5 5 sbolen (F) b o a8 e (50330 L 0T Ol
33505 Jlpen G anl L oS das e Ol 2aS Lyy hlesl Ve s YO (lassy o dals oy 8
gty Lz pn 035 SV il 5 p5adlS b odd e 055 53 0)s5 Jsb o Ol (Bl el &S Jl-
AVE) A2L Jad o sl 5 0 5003lS JH15 L il o Gsb 03 S 3 O Jlsgime

Maey 05 p e sl Clab p bl slasles S1-F dga
Table 6. Effect of time on blood serum enzyme activity of lambs.

P- AAISTS YO 33, A2 335 oles Sl
value  pay 70 Day 35 Day 0  Treatments Parameter
0.21 116.4+8.9 119.8+16.3 106.4+7.5 S i B B
Control Gad 1) 5l 5 el U L]
024 133.2423.8 139.8420.8 117.2+16.1 p s Aspartate aminotransferase (U/L)
Cadmium
042 392436 382429 356458 U _ o
Control Gad A1) 5l,adl 5 geel Y
082 392424 392451 368+104 (=% Alanine aminotransferase (U/L)
- B - Cadmium
<001 664%49.1 67.6462 506427 OV . -
Control Gl 1) 5lasl 5 el IS0
003 656%°+65 614%+101 49.8°+7.9 poes Gamma glutamyl transferase (U/L)
Cadmium
0.01 682.8+60.0 649.4%+012 337.6"804 o _
Control G a1y sbleas - IS
0.56 388.4+94.1 351.2+110.3 32424634 (°° Alkaline phosphatase (U/L)
Cadmium
Jals

0.01 503.6%494.7 479.6+77.1 320.6°74.1 o ]
Control (a2 » -l5) 56lid (JIIT Glgsanad o 51551

078 334.0+64.6 331.4+855 305.6+58.4 p5>S  Bone specific alkaline phosphatase (U/L)

Cadmium
b ab, a el
0.06 180.2°+33.6 229.2+46.3 262.2%+62.2 .
Control (A 2 dly) SlSsis 51 S
0.92 327.84326 3434+965 311.2¢912 (= Creatine phosphokinase (U/L)
Cadmium
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Means with different superscript letters in rows are significantly different (p<0.05).
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Abstract

Background and objectives: Soil pollution and accumulation of heavy metals in
plants and crops in industrial areas is one of the most important environmental
threats for plants, animals and humans’ life. Cadmium (Cd) is a hazardous heavy
metal with a long biological half-life and low rate of elimination from the body.
The aim of this study was to determine the effects of long term cadmium uptake on
performance and several serum biochemical parameters in lambs fed on a growing
diet.

Materials and methods: Ten male Mehraban lambs of 8-9 months old were
randomly assigned to two dietary groups as control (basal diet) and treatment
(basal diet + 100 mg Cd/kg DM as CdCl,). The lambs were fed twice daily at early
morning and evening, and blood samples were collected from jugular vein on days
0, 35 and 70 before morning feeding using vacutainer tubes. Sample sera were
separated and stored at -20°c until analysed. The serum biochemical parameters
including Cd, urea nitrogen (SUN), creatinine, sodium, total protein (TP), albumin,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), Gamma
glutamyl transferase (GGT), creatine phosphokinase (CPK), alkaline phosphatase
(ALP) and its bone specific isoenzyme (BALP) were measured. Serum
biochemical parameters were analyzed by an auto-analyzer using correspondences
Pars Azmoon kit according manufacturer manuals. Sodium was measured using
flame photometry method. Statistical analysis was carried out using Duncan's
multiple range tests.
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Results: Average daily weight gain and dry matter intake were lower in the Cd
group (P<0.05). In day 70, Albumin; in days 35 and 70, ALP and BALP decreased
in the Cd receiving compared with the control group (P<0.05). CPK was increased
in Cd compared with control group in days 35 and 70 (P<0.05).

Conclusion: The results of this study showed that ingestion of Cd at level of 100
mg /kg DM has not been considerable toxic effect on growing lambs during 70
days.

Keywords: Cadmium toxicity, Biochemical parameters, Sheep
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