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Table 1- Ingredients and nutrient composition of basal diet

(dae 3l ge Alfalfa Hay Barley Grain Soybean Meal 4 s
Nutrients 61% 30% 9% Basal Diet
(o) S ool 925 93 935 92.74
Dry Matter (%)

A sole T suls
(S22 ke o) i1 o0 90.87 95.2 9263 9233
Organic Matter (%DM)
(82 osbe s y) 5 Loy 145 125 44.9 16.64
Crude Protein (%DM)
(S sl se203) 3l 0sbme 16 1.65 2.1 1.66
Ether Extract (%DM)

A sole A sl gt sl
(S8 ool sam3) (A oy 3 Jslaels Sl 54.35 2005 27.73 4166
NDF (%DM)
(S ool a2 )3) o 2 st S 20.42 61 17.9 3237
NFC (%DM)
(Sn oale o) pls 2usSls 9.13 48 7.37 7.67
Ash (%DM)

S2 s e\ - .
(2 eole 0 SHUS e @ IKIS) Tpal e JB 3080 45 3.04 3.18 2.5
Metabolizable Energy (Mcal/Kg DM)
(2 ke 2SS 02 p S ke) 500 252 19.8 53 26.08
Zinc (mg/kg DM)
(St Bl £ SUS o S kee) e 105 9.3 21 11.08
Copper (mg/kg DM)
A sole < -l
(St ol ¢ SIS e 0 Ske) 04 145 955 185 133.75
Iron (mg/kg DM)
(St Bl £ SUS o S k) LS 0.09 0.04 0.1 0.076

Cobalt (mg/kg DM)

All nutrients were analyzed in the lab except ME which was estimated according to NRC (2007) tables
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Table 2- Effects of dietary Co source and level on serum vitamin B1z2 and Glucose in male goat kids

snbesl slasles RS
Experimental treatments®

Glucose (mg/dl)

Biv cslisg
Vitamin Bi2 (pg/ml)

Day 0 Day 35 Day 75 Total®
Control 56.11° 246.5 5125 376.5° 316.5¢
Sulphate 0.25 59.20%® 248.2 500.9 415.1° 350.0°
Sulphate 0.5 58.26%® 2475 650.7 482.9° 395.4%¢
Glucoheptonate 0.25 60.64%® 240.6 504.3 889.72 504.8%
Glucoheptonate 0.5 62.002 2439 6625 955.12 603.32
SEM? 1.45 24.9 99.2 65.6 38.3
Source
Sulphate 58.7° 247.8 567.5 449.1° 371.9°
Glucoheptonate 61.32 242.1 583.4 922.42 552.52
SEM 1.16 13.9 80.1 56.2 31.3
Level
0.25ppm 59.9 2440 502.6 674.0° 432.2b
0.50ppm 60.2 2457 657.2 740.52 506.32
SEM 1.16 13.9 80.1 56.2 31.3
P value
P treat 0.002 0.79 0.60 <0.0001 <0.0001
P source 0.03 0.27 0.94 <0.0001 <0.0001
P level 0.07 0.79 0.13 0.0015 0.03
P levelxsource 0.40 0.69 0.96 0.98 0.90

Sl aae ople Glas G i ya Hu o plite (B — )

! Means with different superscript letters in columns are significantly different, P < 0.05.

2SEM, standard error of the mean

3 Total consists of data for d 0, 35 and 75
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Table 3- Effects of Co source and level on DFI, ADG and FCR of male goat kids

bl slasles

e i cu s G, Gou ol (Sle (Bae Sid sule

Experimental treatments! FCR ADG (g/day) DMI (g/day)
Control 10.29 59.03° 602.62°
Sulphate 0.25 10.73 57.20° 609.002
Sulphate 0.5 9.52 71.192 677.54%
Glucoheptonate 0.25 10.28 61.31° 617.43%
Glucoheptonate 0.5 9.78 70.63? 687.56°
SEM? 0.54 2.82 22.69
P value

P treat 0.62 0.003 0.057
P source 0.87 0.54 0.69

P level 0.15 0.0005 0.005
P levelxsource 0.47 0.42 0.87

Sl aae ople Glas G gl ya Ho o glite (8 g -

1 Means with different superscript letters in columns are significantly different, P < 0.05.

2SEM, standard error of the mean

03 (P>e/v0) san Sl gre subl Llad ) Laslas
Onoling 9saaS &Sl sad GBS ISLS ] A
Shysh Ciyeme GEAS Circo LS o 5usS 51 36 By
5 JSGwl) s S Gligs 0os ol hals
) delio b oala 3adaiou (Yoo 2444 of,lSes
S5 pe saabiie o By Gaaliy g 5 9 Slee @l G
5B aellss a5 asss cnes s LS Gl &S
e sad aald Slad & oo o Slae o gigs Lilate
BIA o Slac 050 Ho S cdls Gl o Seol Al
SE,80 € el SIS S mlace 0ol Biy el
Sl s Lun S-S0 QLIS abal s 0T s € su e
Buv csoliss Siiew Lo 45 428 s s 5)le @Il (VAAY)
S S o Ul GBI oias 50 5 (5,K0s GAE )l
oS ligle GlShsa Logad ;b aa ¢ K<
~o OB 4 Gallas (pl (658 4 Gl a0 S
6l 5T ) G s oealie o SILS JaSo (3 558 v
hie /Y0 B +/¥e) sl (5550 By aeliny i
Ll i g gag e (S8 Bube 0 SIS 5 a8

sad 51T Jsam o Laalle 3 o Slae 4 o sy yo gl
sl e glaslas colad goae Llad 51 aS win ya.00)
L o (6 55YL (B eae Silia bule Glhee LS s
Jo obsiaa S oK Hlad o Leas Lol caiiialy walds Hlas
(P<:/+0) s Jlu e aalis Hlass b o plas ol S g
S KA bale 5 (gl bre Sl S SllS wla
/0 o 3auS =il o glajlas S g sk 4 cudily
G oom S bl 2 SISy wllS o Sl
1l 5,5V s Sl Sule /Y0 glalas
28 Sl Are gt s e G (RS 5 5 SIS pe
@l 0ds oINSl pad o (P>4/00)
O allS JaSe +/0 o suiS @dlyye slajles
Slasi & cand gotd 03y Gl O e © 45
Saa fole ke iles TEL /Yo s 5 wald
58 G, 08 ol slaSilie wwlie o (B e
slasles 5 (P<-/-0) wd Hlopne @IS wlaws 3
AL 0o o8 cllS YL plac BS il 5o

O:\:i CJJLAS ‘L.ﬂ“;‘i di..\-.\: %.\:‘J.a.é L.i ‘da:i“) ‘)J.m‘d



WA L 1Y oyled VY als [ old pole (gl yingly & il

w9 e oWy A

GOl Las sy o Slae gl Mg phe |, Saa
A58 gad

Goed il S o IS e p63 5 o S 6 Jgan
lass 51 aas e ol 1 s sladlle 5 L S1 i 13al
Jolaels Bl 5 Sna Bule (55305158 3550 Lo 4SS
Ol 55958 50 s Lo e (NDF) s su gt o
S Gosk © um Dlare 55 Sl a1 o)lse
Sole (5ol S Gl caw SIS YL g
Oinad JoSo mhacs S o Laddle 5 50 NDF 5 S
595 NS 38 (I Bl ool S asse L
Sale (s iy il S @S 4 S lie /0 mlais (slaless
Llad ) ol e solel AT asials 5 5¥0 JT
e 53 NFC 5 ADF EE CP OM (s puiuiil S
(P>+/+0) ai saalie Laylas

OolSar 5 LLi Sl oo L il gt oo
ol ol Splie B0 S LIS Al £ 55, o 4S (Y- +A)
T o) s 5o LS Gussdl oS sy adel e
-0IS Sl el b p SolS 5o 8 Sle
o SIS B Cpl onBlas s e s3he o) ge (503
an inle)l sladdln K o 5L 5 §pua JSuss ol se
oo anidals Gl Hlas B guds saalis s o
(Y1) Qer sty das s 55 s sleallle
5 las s Sy 4 @l ughdl 4 wasa (18
NDF 5 CP OM DM piiiislsS s
S 53 0 (50 GELIS 3 sags e Ha (2l S
352 (Yoo V OlSen 5 Slg) a5 5 (Y0¥ GlslSen

.J‘)‘J

C)Jm ?J—CJ—AA‘A&&EASJJ .J-A;u.o LSS‘JJ‘A J‘}n (5‘
_)g‘:\:ﬁ J)S.LA.Q L):'f‘:)é‘ o9 CA-“.}S J.asA CJ:' C)t' J‘JQS"‘M
ann el 5al Gasa Jals Ho obsia S K
4S<QM‘QJ‘HJJA&CMHAJALLJM‘J6‘@

WA 3 ags S |5 0 Slac
slaoleas Lo sulon slas Clis, ooy ol
9 Ll g G LU 8550 S o LS 0SS il
K A-ALA.:D JLAf: C)ﬁ 6)‘4@3.;6 CAJL.QS L&J\g A-Ail) z)JJ
S5 P aiie 5o 3 LS suiS il o slaslas
(Y“\\)Hu(m‘;s\jjxu:ﬁ*ﬁaj)d.mb&um
Liugio 5 Glhas 000 Ol b sile «S 55 GBIS
CAJL.\S éA:\:sS Q—é‘:‘)d (_gLAJLAeS JJ u:QJA.AA AS.A.:ZA ;bJLo
058 Uil Gledily iaan 50 g aall Hlas 51 YL
Oiaad by (g5l S & gl J0 (S yae Sy ea
Ol widen € (55,55 3aa3 5 (V- V) lKas 5 Sl
aald 4 cuwd @IS S =8lyu slalas K wisly
OoKan 5 las il 30 05 il 5 Ll
-o s 45 W0 5l (5S4 Al slaylS o 5 (Y- o)
laila b 530 o o IUS lsae Ll 51 S ol
338a3 50 LI o o Slae s mslhels 3l aiaa
e /oY sl slassaa (Y 0) OlSes 5 53515
o b dmlie 5o SEA Sale 5 SIS 5 LS B S
s 009 oldl @ saie @ S e TN (syla sla
58 Lo 3ada3 5o a8 JBasw 5 slagl& 5o 5ol
oS s S us allS o S e 1V sl il S
Sale a Sl 5o @S 4 Sle /Y0 Guls s weuy e
el 1w Jlass ladlle 5 5l candl s 50 SLaA
Sosp o S 0 a Sl +/0 mhac a8l 5 aS
9 Sy 5 (YV-) OlKen 5 (st s S ud,

Sobe oSS s a Shee /0 o 55 (Y2 V) O lSan



AN

F Al 0 St eian ol 55 Slos iy By (sling 1 il golaws )3 LS JoSo £55 93 51 )y

P saddle 5 5 () S1Hed #1350 G piaghyles 5 Slbs Jaso £ 63 g elows A -F Jgaa
Table 4- Effects of Co source and level on nutrient digestibility (%) of male goat kids

S‘)\,& p'\)%‘
Nutrients (%)

bl glasles
Experimental treatments?

"AJLauJTbJLoeL;Qs:J_geL.;‘::_& ";u.;b.).ag}&

59 Jostasls L Ly Jslaals LI

Gl sdu gl omd e sl S

DM oM CP EE NDF ADF NFC
Control 61.26° 63.04 60.87 70.13 29.77° 22.47 88.87
Sulphate 0.25 62.37 63.83 60.83 70.85 30.18° 22.87 89.62
Sulphate 0.5 66.423 6656 62.29 70.03 32.392 23.53 89.07
Glucoheptonate 0.25 62.14 6394 61.02 69.12 30.27° 23.18 89.02
Glucoheptonate 0.5 67.732 63.71 62.89 70.71 32.692 23.37 90.18
SEM? 141 1.16 0.78 1.33 0.63 0.78 0.60
Source
Sulphate 64.39 65.19 61.56 70.44 31.28 23.20 89.34
Glucoheptonate 63.93 65.32 6195 69.91 31.48 23.28 89.60
SEM 1.15 0.89 0.64 1.08 0.51 0.64 0.49
Level
0.25ppm 62.25° 63.88° 60.92 69.98 30.22° 23.03 89.32
0.50ppm 67.07° 66.64* 62.58 70.37 32.542 23.45 89.62
SEM 1.15 0.89 0.64 1.08 0.51 0.64 0.49
P value
P treat 0.0098 0.11 0.24 0.89 0.0052 0.88 0.52
P source 0.70 0.91 0.62 0.69 0.75 0.92 0.67
P level 0.0022 0.025 0.052 0.77 0.001 0.59 0.61
P levelxsource 0.59 0.98 0.79 0.37 0.86 0.76 0.16
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1 Means with different superscript letters in columns are significantly different, P < 0.05.

2SEM, standard error of the mean
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Table 5- Effects of Co source and level on absorption and retention of Co, Cu, Zn, Fe and N in goat kids

' nlesT slaslas
Experimental Treatments

dail 5 Glucoheptonate Glucoheptonate  Sulphate  Sulphate Control
e Parameters (mg/d) P-Value SEM? 0.5 0.25 05 0.25
a8, 55 <0.0001  0.033 0.609° 0.356° 0.665*  0.417°  0.107°
Intake
3 3 5 suds ad
g Gook Ol eadk s 0.0016  0.076 0.5531% 0.3154% 0.6304¢  0.3800°  0.1026°
Fecal excretion
IS Ll g 5 sad a8
SIS sl B0k Sl eadk gy 021  0.0005 0.0024 0.0022 00030  0.0026  0.0011
Co Urinary excretion
PN
T 0.0011  0.0062 0.05282 0.0380% 0.0314>  0.0336%  0.0035°
Retention
LB&.J.
(3:0,9) a8 e 0.0036 054 7.212 6.74% 568® 507  3.89°
Apparent absorption
sud 8 a 0.40 0.91 11.24 11.16 12.32 13.35 11.33
Intake
fe T o s ad
gohae Goob Ol eadk s 058 054 7.25 6.82 6.71 7.79 7.57
Fecal excretion
15a) 3 5 sad a8
e O3l Sk Slesd gy 097  0.074 0.6320 0.5831 0.6503  0.6031  0.6049
Cu  Urinary excretion
A
T 0.072 053 3.35 3.76 4.96 4.97 3.15
Retention
LE&_J.
(22203) oAl o2 0067 261 41.09 36.49 4463 3827 3330
Apparent absorption
NIV FESTEN 0.39 2.11 26.82 26.64 29.36 3175  27.04
Intake
5 3 5 suds ad
gotse Sk Slead s 078 326 19.08 18.37 20.78 2390 2077
Fecal excretion
[BRIIR: 5 sads a8
G50 Alodl Geok Sl sk s 0.0042  0.070 0.562° 0.330° 0.634%  0.672%  0.796°
Zn Urinary excretion
PN
v 0.11 0.67 7.18 7.94 7.94 7.16 5.47
Retention
(2e203) 58l o2 0.068 279 31.31 30,54 2865 2277 2121
Apparent absorption
sad a0 040 1101 135.28 134.28 14831  160.76  136.34
Intake
3 3 3 sud ad
gohae Gook Ol eadk s 0.02 6.15 77.12° 77.79 91.22%  107.38*  84.32°
Fecal excretion
AT 15a) 3 5 sad ad
oAl ool Bk S sak g 0.87 1.37 18.48 16.74 18.22 1704  17.24
Fe  Urinary excretion
£l
T 0.68 2.74 38.93 39.74 38.85 36.24  34.83
Retention
(19
(mss) 500 = 0.51 5.11 44.21 40.38 37.46 3131 37.39
Apparent absorption
sad su, 55 018 1.16 18.37 18.23 20.15 21.85 18.51
Intake
u‘ s - .‘h £y a
Sl gshae Saok Slend iy 0.045  0.77 7.18° 7.08° 9.11% 9.972 6.99°
N  Fecal excretion
[BRIIR: B R RV-PY-
Dol B0k Sl ead s 004 024 1.55 1510 1.54 197 2470

Urinary excretion



sl

T 098 097
Retention
(2m2) soall oo 0.26 3.36
Apparent absorption

9.64 9.50 9.91 9.05

59.50 54.17 54.47 60.19
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1 Means with different superscript letters in rows are significantly different, P < 0.05.

2SEM, standard error of the mean
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Introduction: The essentiality of cobalt (Co) in ruminant nutrition and its key function in ruminal
vitamin By synthesis has been clearly demonstrated by previous literature (Russell, 1944; Marston,
1952; Smith and Loosli, 1957; Smith and Marston, 1970). The National Research Council (NRC,
2007) lists the dietary Co requirement of goat kids with 20kg body weight to be 0.07 mg Co/d;
However, in lambs Bishehsari et al. (2010) demonstrated that supplementing the diet with more than
twice the NRC recommendations with cobalt-sulphate increased plasma vitamin B12 concentration,
final body weight, average daily gain and gain efficiency. It has also been demonstrated that
increasing amounts of dietary cobalt supplementation causes elevated serum and liver vitamin Biz
concentrations in sheep, however no benefits in animal performance were observed (Kawashima et
al., 1997a). The NRC (2007) recommendations of 0.1-0.2 mg Co/kg dry matter (DM) in sheep are
based on observations in grazing animals (Wang et al., 2007). For a long time, mineral requirements
of goats have been considered as a halfway between those of cattle and sheep (Meschy, 2000).
However, based on several reports (Kisidayova et al., 2001; Johnson et al., 2004; Wang et al., 2007;
Bishehsari et al., 2010), the levels of 0.1-0.2 mg Co/kg DM do not meet rumen microbial Co
requirements for vitamin Bz2 synthesis in sheep or goats.

Material and methods: Thirty weaned male goat kids, with an average body weight of 17.8 kg were
randomly assigned to five treatments including: 1) Basal diet containing 0.076 mg Co/kg DM
(Control); 2 and 3) basal diet + 0.25 and 0.5 mg Co/kg DM as Co-sulphate (sulphate 0.25 and sulphate
0.5); 4 and 5) basal diet + 0.25 and 0.5 mg Co/kg DM as Co-glucoheptonate (glucoheptonate 0.25
and glucoheptonate 0.5). This study was conducted in two trials. The first and second trials were
carried out in 75 and 14 days, respectively, as a 2x2+1 factorial experiment based on a completely
randomized design. Blood samples were collectedon days 0, 35 and 75 of the first trial. And during
the second trial, feces, urine and feed orts samples were collected.

Results and discussions: Serum vitamin Bi1> was elevated during the trial in the Co supplemented
groups as compared to control. Although the differences between treatments were not statistically
significant on day 35, the 0.5ppm levels (sulfate and glucoheptonate) had numerically higher vitamin
B1> concentrations. On d 75, differences between organic and inorganic supplements were more
pronounced as the two organic treatments regardless of level had higher serum vitamin B
concentrations (P<0.0001). Even though inorganic Co treatments were not significantly different
from the control, they had numerically higher vitamin B> values. The effect of source and level of
Co were both significant on d 75 as the organic source and higher level of Co supplementation led to
higher vitamin B> values (P<0.05). In general, Co-glucoheptonate supplements were more effective
in increasing serum vitamin By levels. There were no significant interactions between level and
source of Co. In ruminants, the efficiency of vitamin B1> production from Co is low, only about 3%
(Smith and Marston, 1970). There have been few reports of comparisons between different sources
of Co in animal studies. The carbonate, chloride, sulphate, nitrate and glucoheptonate forms of Co
have been indicated to be effective supplemental sources of Co for ruminants but these are not always
supported by comparative data (Henry, 1995). The increase in Vitamin B> from day 0 to day 35 in



the control group, is believed to be related to the previous diet the goats had received before the onset
of the study, which probably had been cobalt deficient. The greater vitamin B, values observed in
the Co-glucoheptonate treatments in our study demonstrates that this source of Co may be more
available to ruminal metabolism of vitamin Bi.. There were no significant differences between
treatments for DFI, with the exception of the 0.5mg/kg Co-G group which had significantly higher
feed intake compared to control but not compared to other Co treated groups. The effect of Co
concentration was significant as the 0.5 mg Co/kg DM had higher feed intakes compared to 0.25mg
Co/kg DM groups. The effect of Co concentration was also significant for ADG. The Co-S 0.5 and
Co-G 0.5 groups showed higher weight gains compared to other Co receiving treatments and control.
The greater Co treated groups, although having better feed conversion ratios compared to other
treatments, failed to show a significant difference in the statistical analysis and the differences were
only numerical. Cobalt supplements affected DM, OM and NDF digestibility. The effect of Co source
was significant and the 0.5 ppm level caused higher DM, OM and NDF digestibility in goat kids. It
seems the level of 0.25 mg Co/kg DM was not sufficient in improving nutrient digestibility.
Conclusion: The overall data obtained by comparing the Co treatments showed that the
concentration of 0.076 mg Co/kg dry matter of the basal diet seems to be marginally
insufficient for goats and additional Co may be required.

Keywords: Goat, Cobalt, Glucoheptonate, Digestibility, Vitamin B1>



