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ABSTRACT

The present work was carried out to study the influence of chromium picolinate

{Cr Pic} supplementation on digestibility, feeding values, productive performance,

some blood serum constituents and economical efficiency of fattening lambs. Twenty

four Suffolk crossbred lambs with an average live budy weight of 17.5 kg were divided
into four groups (6 in each) and were all fed a basal diet which supplied of 60% of

reguirements from CFM + rice straw (RS) ad lib. The first group served as controi (C),

while the second (T1), Third (T2) and Fourth (T3) ones were fed the same diet

supplemented with Cr Pic at doses of 20, 40 or 60 mcg per kg concentrate feed
mixture intake (CFMI}, respectively.

The main resuits could be summarized as follows:

1-There were no significant differences among treatments in live body weight of
lambs from first week up to the end of experimental.

2-The averages of daily body gain were 0.183, 0.192, 0.205 and 0.203 kg for rations
C. T1, T2 and T3, respectively, without any significant differences among
treatments.

3-Lambs fed T2 and T3 consumed 1.41 and 1.40 kg DMV day being more than that
by others (1.34 — 1.38 kg DM! / day ).

4-Lambs fed rations T2 and T3 were most efficient to convert DM to kg gain (6.90 kg
/kg gain).

5-The digestibility of various nutrients and nutritive vaiues for treatments T1, T2 and
T3 were higher (P<0..05) than those of control treatment (C) and ration T2
recorded the best (P<0.05) values of previous items.

6- The Cr Pic supplementation for lambs induced significant (P<0.05) increases in
serum concentrations of total protein, albumin, globulin, Zn and Fe than those of
lambs fed non-supplemented with Cr Pic. However, depressions in serum
concentrations of cholesterol, trigiycerides and glucose were detected.

7- There were significant (F<0.05) differences in serum albumin, AST, trigtycerides,
glucose and Zinc concentrations among the age of lambs {duration of feeding the
experimental rations).
8-Supplementation with Cr Pic at doses of 20, 40 or 60 mcg per kg CFMI for
fattening lambs led to increased return as LE / lamb by 4,73, 12.58 and 11.10 % ,
respectively, compared with animals fed control ration.

it could be concluded that, supplementation of chromium as chromium
picolinate during fattening period of lambs improved digestibilites of various nutrients,
feeding values, daily body gain, induced significant increase Zu and Fe in serum this
rises the immunity of lambs and return especially with 2 nd tested ration (T2) : 60 %
of requirements from CFM + RS ad /ib + 40 mcg Cr Pic / kg CFMI.
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INTRODUCTION

Chromium (Cr) is a trace mineral that is widely distributed throughout
the body. It is involved in carbohydrate, lipid, protein and nucleic acid
metabolism (Nielsen, 1994). Previous literature demeonstrates that Cr is
necessary for growth and protein synthesis {Mertz, 1993) and that Cr
supplementation improves animais performance by enhancing energy
metabolism (Jacgues and Stewart, 1993). Supplemental Cr seems to
improve the immune status of stressed ruminants (Chang and Mowat, 1992
and Moonsie —Shageer and Mowat, 1993). However, in the same studies in
which Cr has been fed to non - stressed ruminants, growth and metabolic
responses to Cr have been variable (Britton ef al., 1968 and Chang et al.,
1992). Depew et al. (1998) showed improved daily body gain in bull calves
supplemented with Cr Pic but not that of heifer calves. Whereas, Bunting st
al. {1994) and Kitchalong ef af. (1995) found that Cr had no effect on daily
body gain of dairy calves and growing iambs. Supplemental Cr wouid
increase growth or milk production in ruminants (Bunting, 1984; Hayirli et al.,
2001; El-Tahan ef al., 2005 and Smith et al., 2005).

Moonsie — Shageer and Mowat (1993) found that supplemental Cr
could reduce the preventative and therapeutic use of antibiotics and possibly
enhance the effectiveness of vaccines because Cr tended to reduce
morbidity and improve the immunity. Chromium is considered essential for
maintenance of normal glucose tolerance (Schwarz and Mertz, 1959) by
fncreasing insulin activity in animals and humans (Anderson, 1987). Bunting
et al (1994) reported lower plasma total cholesterol and higher glucose
clearance rates in Holstein calves fed diets supplemented with Cr Pic.
Chromium decreased the total cholesterol (Press et al,, 1950) and blood
nonesterified fatty acids (NEFA) concentration (Bryan et al., 2003). The
absorption and utilization of Cr may be dependent on its association with any
organic molecule (Mertz, 1969) such as picolinate (Pic) (Evans and Johnson,
1980). Therefore, this investigation was conducted to study the influence of
chromium picolinate (Cr Pic) supplementation on digestibility, feeding values,
performance, some blood constituents and economical efficiency of fattening
lambs.

MATERIALS AND METHODS

This work was conducted at El- Gemmiza Experimental Station,
Animal Production Research Institute, Agricuiture Research Center, Ministry
of Agriculture, Egypt, to study the influence of chromium picolinate (Cr Pic)
supplementation on digestibility, feeding values, performance, some olood
serum constituents and economical efficiency of fattening lambs. Twenty four
Suffolk crossbred lambs with an average live body weight of 17.5 kg (at
weaning) were divided into four groups {6 in each), on the basis of their initial
LBW and age and were fed the foliowing experimentat rations:

Control ration {C} . 60% of requirements from concentrate feed mixture
{CFM) + Rice straw (RS) ad /ib.
Ration (T1) : control ration + 20 mg Cr Pic / kg CFMI.
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Ration (T2} : control ration + 40 mg Cr Pic / kg CFMI.
Ration (T3) : control ration + 60 mg Cr Pic / kg CFMI.

Chemical composition of feed ingredients and the basal ration are
shown in Table (1.

Table (1): Chemical composition of feed ingredients and calculated
" _composition of basal ration on DM basis.

Iterns DM Composition , % DM basis

OM [ CP | CF | EE [ NFE |ASH

Concentrate feed mixture (CFM)* 90.02 [91.10(17.12|12.24 | 3.74 ;58.00 8.90

Rice straw (RS) 91.15|83.89| 3.18 |36.71( 0.98 [43.02|16.11

Calculated composition of basal ration 190,48 (88.13111.38|22.31] 2.60 [51.84[11.87

CFM* : The ingredients of concentrate feed mixture were 35 % wheat bran, 12 %
undecorticateted cotton seed cake, 8 % soybean meal, 29 % yellow corn, 11 %
rice bran, 3 % molasses, 1.5 % limestone and 0.5 % salt.

The Cr Pic was supplemented once daily via an individual oral drench
before offering the morning meal. Chromium picolinate was purchased from
MEP-ACO Egypt. During the feeding trial (154 days), lambs were fed
according to NRC (1986) allowances as a group feeding. The amount of
feedstuffs was adjusted biweekly according to body weight changes. The
feed residues were taken into account for determination of actual feed intake.
Concentrate feed mixture was offered twice daily at 8 am. and 4 p.m. and
rice straw was offered ad /ib after feeding CFM. Fresh water was offered to
the animals three times daily. Vitamin and mineral blocks were provided
freely.

Blood samples were collected by jugular vein puncture in clean test
tubes from aii lambs in the morning just before feeding and drinking at
weaning {60 days old), 90 days old, 120 days old and 150 days old. Blood
samples were left to clot for 24 h in the refrigerator and centrifuged at 4000
rpm for 15 minutes. Blood serum samples were carefully separated and
stored at - 20 °C for determination of total proteins (TP), albumin, globulin,
albumin / globulin ratio. (A/G ratio), aspartate amino transferase (AST),
alanine amino transferase (ALT), cholesterol, triglycerides, Glucose, Zn and
Fe. Total proteins (TP) and albumin were determined according to Doumas
and Biggs (1972 a & b}, globulin was calculated by subtraction concentration
of albumin from the corresponding total protein then albumin/ globulin ratio
(A/G ratio) was also calculated. AST and ALT activities as described by
Reitman and Franket {(1957). Commercial kits were used for the calorimetric
determination of serum total cholesterol, triglycerides and serum glucose.
Concentration of Fe and Zn in serum were dett;rmined by the absorption
spectrophotometery. )

Four digestibility trails were carried out during the feeding experiment
to determine the digestion coefficients and nutritive values of the
experimental rations using 3 mature rams in each. All rams were individually
housed is metabolic cages. The preliminary period extended for 15 days and
collection period lasted 7 days. Feces samples were collected twice daily
during the collection pericd. Representative samples of feedstuffs and feces
were prepared and analysed according to A.O.A.C. procedures {1990).
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The statistical analysis was computed using analysis of variance
procedure described in the SAS (1995) and significant differences among

means were separated by Duncan's (1955) multiple range test.

RESULTS AND DISCUSSION

Daily dry matter intake:

The data in Table (2) showed that the total quantity of DM intake from
all rations was gradually increased with advancing age. Also, the total DM
intake from rations T1, T2, and T3 was increased by using Cr Pic at doses of
20, 40 or 60 meg / kg CFMI as supplementation compared with control ration
(C). These results are in agreement with those obtained by Mooney and
Cromwell (1995) and Depew et al. (1998). In contrast, Boleman et al (1995)
reported reduced DM intake by pigs fed Cr Pic from the growing to the
finishing phase.
Live body weight:

There were no significant (P>0.05) differences among treatments in
live body weight (LBW) of lambs through out the experimental period (154
days) as show in Table (3). The averages of final LBW were 45.67, 46.83,
49.33 and 48.50 kg for lambs fed rations C, T1, T2 and T3, respectively,
without any significant (P>0.05) differences among treatments. These results
are in agreement with Gentry et al. (1999).

Table (2): Effect of chromium picolinate supplementation on average
daily dry matter intake* {g) of lambs during the fattening

period {154 days).
c

echs T4 T2 T3

CFM | RS Total [ CFM R.S| Total | CFM | R.S Total | CFM | RS Total

10 583 334 7 583 |328] 911 583 336 919 583 329 912
10-12 837 418 1075 857 4227 1079 657 431 1088 657 438 1093
12-14 877 462 1138 705 470 1175 722 465 1187 718 481 1179
14-16 738 496 1234 788 |505| 1293 805 509 1314 805 511 1316
16-18 815 532 1347 827 581 1388 853 §72 1425 853 568 1421
18-20 853 587 1440 g6 1592 1468 876 598 1474 876 584 1470
0-22 876 580 1468 889 |[618| 1507 88g 827 1518 889 623 1512
2-24 889 595 1484 892 (6391 1531 947 646 1593 925 652 1877
4-26 925 600 1525 847 842| 1589 969 668 1637 927 661 1588
6-28 950 611 1561 960 |656 | 1816 | 1008 | 671 1679 870 668 1638
8-30 960 639 1689 970 |661] 1831 1038 | 682 1718 t008 | 682 1680
v.Daiiy (811,18 1533.09 1134427 [826.73 1554 | 1360.73 {849.55 1564.09 | 1413.64 | 837,36 | 562.27 | 1389.63
DM
ntake(g)

* Group feeding (No. of lambs in each group =6).

Growth performance:

The averages of total body gain was 28.17, 29.50, 31.50 and 31.33 kg
for lambs fed rations C, T1, T2 and T3, respectively, without any significant
(P>0.05) difference among treatments (Table 4). The corresponding values
of daily body gain were 0.183; 0.192; 0.205 and 0.203 kg. It was noticed that
daily body gain for lambs fed rations T1, T2 and T3 insignificantly (P>0.05)
increased by 4.90, 12.02 and 10.93 % than control ration (C), respectively.
The increase in growth rate and final body weight due to supplemented Cr
could had resulted from increased nitrogen retention (Kornegay ef al., 1997),
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incorporation and utilization of amino acids and nuclear protein synthesis
(Weser and Koolman, 1969). On the other hand, Mowat et al. (1993)
reported that the positive increases in growth performance by using Cr likely
was attributable to the improve of immunity and elevation in growth hormone
level {(Page et al., 1993) which may emend of growth rate and body gain.

Table (3): Effect of chromium picolinate supplementation on average
live body weight (kg) of lambs from weaning* {8 weeks) up

to 30 weeks.
Live body weight (kg)

Weeks C T T2 T3

8 17.50 £ 0.89 17.3320.88 17.83+1.05 1717 £ 0.48
10 1967 £ 0.76 19.33 £+ 0.88 19.67 £1.12 19.00 £ 0.58
12 2183 +1.08 21.33+0.82 2217 +1.30 22.33+0.48
14 24.0£1.00 25.00+073 26.17 £1.30 26.00 £0.58
16 27.33+0.71 29.17 £0.79 29.83 £ 1.56 3017 2075
18 31147 +0.98 32831095 3383+1.30 3467 £0.84
R0 34.0%1.39 36.00 +1.13 37.33+1.38 36.33+£0.95
22 3717 +1.40 38.67 £+0.92 39.33 £1.56 3883135
24 38.33+£1.45 40.17 £ 0.95 42 67 +1.28 41.67 +1.58
26 41,0+ 1.59 4283 +1.11 4617 £ 1.1¢ 44,17 £ 1.51
28 43.17+1.28 4500+1.15 4800+ 1.44 46.67 £1.23
30 4567 + 145 46.83+1.17 49.331.15 48.50 +1.02

* {6 Yambs in each grotp ).
No significant (P>0.05) differences among all treatments.

Depew et al. (1998) showed improved daily body gain in bull calves
supplemented with Cr Pic but not that of heifer calves. Whereas, Bunting et
al. (1994) found that Cr had no effect on daily gain of dairy calves. Also,
Samsell and Spears (1989) and Kitchalong et al. {1995) found that Cr had no
effect on daily body gain of growing lambs. In contrast, Boleman et al. {1995)
reported reduced daily body gain in pigs fed Cr Pic from the growing to the
finishing phase.

Data presented in Table (4) indicated that, the highest DM intake was
found for T2 and T3 which contained Cr Pic at doses of 40 and 60 mcg / kg
CFMI being 1.414 and 1.400 kg / lamb / day, respectively, However, control
ration (C) recorded the lowest one {1.344) kg.

Table (4): Effect of chromium picolinate supplementation on

performance of lambs.
[ltems Cc T T2 T3
Initial weight (kg) 1750£089 1733088 1783105 17.17+048
inal Weight {kg) 4567145 4683+1.17 49331115 4850+1.02
otal gain (kg) 28171095 2950£1.02 31.50+096 31.33:0.80
aily body gain (kg) 0.183 £ 0.006 0.192 + 0.007 0.205 + 0.006 0.203  0.005

v. Daily feed intake (kg)* 1.344 1.381 1.414 1.400
eed conversion (Feed/ gain):
kg DMI/kg /gain® 7.34 7.18 6.90 6.90
*Group feeding.

No significant (P>0.05) differences among zll treatments.
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The data of daily body gain (kg) and daily feed intake (kg) reflected the
feed conversion (kg DMI / kg gain) which was the best for both treatments T2
and T3 (6.90). While, treatments C and T1 had inferior values (7.34 and
7.19), respectively.

Digestibility trails;

The daily DM intake expressed as g /h /d or per g /kgw®™ were nearly
similar for lambs fed T1, T2 and T3 rations, but control ration { C ) recorded
the lowest values (Tabie 5). These results are in agreement with those
obtained by Mooney and Cromweil (1995) and Depew et al. (1998).

The data in Tabie (5) showed that, the DM,OM, CP, CF and NFE
digestibilites were affected (P<0.05) by Cr Pic supplementation. Treatment 2
recorded the highest (P<(.05) values of the pervious items. Also, the EE
digestibility of rations T2 was significantly (P<0.05) higher than rations C and
T1, and insignificantly higher than ration T3.

Generally, it could be noticed that, the digestibility of various nutrients
were significantly (P<0.05) increased with Cr Pic supplementation specially
T2. These results are in agreement with those obtained by El-Tahan et al.
(2005).

Table (5): Effect of chromium picolinate supplementation con feed
intake, digestibility and nutritive values of experimental
rations by rams.

ltems C Tt T2 T3
Body weight (kg} - 6400115 64 67 £ 0.88 6500 +2.03 8400+ 1.53
Daity DM intake g/h/d:
CFM 960.00 +17.32 97000 +1323 §75.00%2291  960.00 =22.91
RS 67167°+902 684671407 718.00°:9.45 £93.34% 11445
Total DM intake {g) 163167 £23.90 1654671875 160300 +36.94 165334 1 9.94
Totat DM intake g/kgw” ™ 7210 £0.31 72.57 £ 0.15 73.96 $0.73 73.08 1094
Digestion coefficients (%)
DM 66.36% £ 0.34 68.47°+0.28 71874+ 033 70.50° £ 0,16
oM 88.14°2 017 69.69°+ 0.28 73.02°%+0.21 71.48°£0.14
cP 68.19°2 012 70.58%10.25 7450 + 0.41 73.44°+0.14
CF 80.07 “+0.15 61.83°:0.17 65.74 %1 017 64.63°£0.15
EE 74.33°: 024 74.42°+0.10 75.50 * + 0.30 7490 £0.19
NFE 70.08° £ 0.05 7229°£0.13 77.87°+0.23 76.12° £ 0.50
MNutritive values {%):
TDN 61.85%+0.06 63.85°£0.34 67.80° £ 0.15 66.54° 1 0.31
oce 7.76% £0.02 8.01° +0.03 8.35% £0.02 B.28° £0.01
Daily feed units intake:
TONg/h/d 1009.19° £ 1564 1056.51™ 1224 1147.85°+23.90 1100.43° £ 1179
TON gikgw” ™ 44807 $022 4634° 2015 50.15° 035 4861° 2046
DCPg/hid 126.62° +1.90 132.54™ $142 141.37° +283 13690 £1.06
DCP gkgw' ™ 560° +004 581" +£001 6147° 005 6.05° 007

A, b, c and d: Means in the same row with different superscripts are significantly {P<0.05)
differ.

The nutritive values as TDN and DCP for rations supplemented with Cr
Pic were significantly (P<0.05) higher than those of the control raticn ( C ) as
shown in Table {5). Alseg, ration T2 had the highest values of nutritive
values, while the control ration (C) showed the lowest (P<0.005) ones. This
improvement in nutritive values was associated with high nutrients
digestibility coefficients of rations supplemented with Cr Pic (Table 5).

Generally, it could be noticed that T2 showed the superior values of
digestibility of nutrients and nutritive values.
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The feed units intake as TON and DCP per g/h/d from rations T2 and
T3 were significantly (P<0.05) higher as compared to control ration (C ) as
shown in Table (5). Also, the results showed that, the rations supplemented
with Cr Pic had the highest (P<0.05) values of TDN and DCP intake per g /
kgw %® compared with control ration (C). These results may be due to
higher nutrients digestibilites or DM intake or both for rations supplemented
with Cr Pic.

Blood serum parameters :

Concentrations of total protein, albumin and globulin for treatment T3
were higher (P<0.05) than those of control. The A/G ratio values for T1 and
T2 were lower {P<0.05) than those of other groups (Table 6). In general, T3
recorded the highest (P<0.05) value of serum total protein followed by T2
and T1 than control. These results agree with those obtained by Chang and
Mowat (1992) who found that the chromium supplementation increased
{P<0.05) serum total protein in calves. The increase in serum total protein
and protein fraction in response to Cr Pic supplementation may be attributed
to an improved of nitrogen absorption (Kormegay et al. 1997). Aminc acid
synthesis increased in the liver, in which Cr Pic may enhance amino acid
synthesis, was possibly via insulin and incorporation of several amino acid
into protein {(Moonsie-Shageer and Mowat, 1993).

These results were parailel with the results of OM and CP
digestibility (Table 5), which indicated better utilization of dietary protein
through digestive tract. These results agree with the conclusion of Kumar et
al. (1980) who reported that there was a positive correlation between dietary
protein and serum protein concentration. Yousef and Zaki (2001) noticed
that the increase in digestibility of CP may be a reason for the increase of
serum tota!l protein. Also, serum proteins are considered a reliable index
reflecting heakth and animal performance (Okelly, 1973). El-Masry and Marai
{1991) related the variations in serum proteins to the alteration in thyroid
hormone level and in albumin or giobulin concentrations.

There were no significant (P>0.05) differences in serum total protein
fraction level among the age of lambs (duration of feeding the experimental
rations) (Table 6) expect for albumin, which was significant between duration
of feeding the experimental rations.

Albumin concentration in blood serurm was significantly (P<0.05) lower
in control, T1 and T2 than T3 (Table 8). It can be noticed that T3 recorded
the highest significantly (P<0.05) values of serum albumin by about 10.60
9.80 and 7% than control, T1 and T2, respectively. The increase of albumin
in response to Cr Pic supplementation may be associated with improved
nitfrogen absomption (Kornegay et al, 1997). Serum albumin have been
shown to be a good indicator of nitrogen status, especially in small ruminants
(Ingraham and Kappei, 1988; Gaskins et al., 1991 and Laborde et af,, 1985).
This results may to due higher (P<0.05) digestibility of crude protein for
treatments than control (Table 5). Rowlands (1980) reported that dietary
protein could affect the concentration of serum atbumin.
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function and minerals after feeding.

Table (6):Effect of chromium picolinate suppiementation and age on lambs blood serum protein fraction, liver

Treatments
Blood components Age of lamb [ T4 T2 T3 Qverall mean
Total protein ays al weaning 586+ 059 6.23£022 606+ 0.15 7631086 64471 0.16
{g/dD) 90 days 572+ 060 611051 6.58 £ 0.43 830+ 022 6.18%*: 0.27
120 days 6.45+0.01 6.74 £0.26 6.8310.27 6921046 6.73'+0.67
150 days 6.4?;,1: 0.32 6.59 £ 0.42 7.08+£023 6.67+£0.18 6.69'+0.24
Overall mean 611"+ 0.38 6.42" £ 035 6.64% 1027 6.88°+043
Albumin (g/df) 60 days at weaning 4341018 426 +0.35 432+0.09 4381010 4.33: +0.18
90 days 388+019 370+ 0.26 3.83+£0.18 409+037 3877025
120 days 34972007 4.37+0.16 4711026 483+0.19 4.47'£017
150 days 441+014 4.39 + 0.06 4311012 5.05+0.14 454°+01%
Overall mean 415"+ 0.15 4.18°+£0.21 4.29*+0.16 458°£0.20
Globulin (g/dly 60 days at weaning 1.52+0.75 1.97 £ 0.35 1.74 +0.13 325+ 0.01 212+ 031
90 days 1.84 £ 006 241 £050 275033 2.21£0.46 230"+0.34
120 days 248053 237011 212+0.02 209034 226"+0.25
150 days ' 2.02+£025 220 0.76 277+054 162+ 012 215"+042
Overall mean 1.97°+ 040 224" +0.43 235"+ 0.25 2.29*+0.23
AIG ratio 60 days at weaning 2854031 216 £ 0.41 2281010 1.35+0.01 216"+ 0.21
90 days 211 +£0.08 1.53£1.22 1.39+0.15 1.85+0.46 1.72°+0.47
120 days 1601029 1.84 £0.20 22232013 231 +059 1.89%+0.30
150 days 218 £0.29 1.99bt 0.23 1.55 + 0.63 3.12+0.14 221°+0.32
Overail mean 218"+ 0.24 1.88"7 + 0.51 1.86° 0.25 2.16*+0.30
Liver function
AST (U/L) 60 days atweaning 35671176 18.00 £ 8.67 27.00+1.16 2500 1.16 26.42"13.19
80 days 33.00%+4.17 4333+ 10.18 2067 + 2.61 1333+ 463 27.58"+ 5.40
120 days 43.67+ 5234 48 67 + 10.69 46.00 £ 1.73 5533333 48.42%+5.27
150 days 7167+ 17.92 7933+ 668 38.00 + 0.58 37.00+ 200 56.50" £ 6.80
Overall mean 46.00" £7.30 47.33* 1+ 905 32.92°¢1.52 3267°%: 278
ALT (UL} 60 days at weaning 5331185 3671066 4001058 6.67 £0.88 4924099
90 days 7.67 £ 4.67 3.33+0.34 433 +£0.66 3.00+0.71 458"+ 1.59
120 days 6.33 240 367 +066 300+0.71 367 +0.66 417" ¢ 1.11
150 days 433 +087 4.00 +0.58 3.00+£0.71 300071 358"+0.72
Overafl mean 592%£245 3.67°+0.56 358t 0.67 408°°£0.74
Cl}ob?é?rol 60 days at weaning 31051905 36.93+6.30 47.38 + 3.31 37.06 £6.05 38.11°£5.43
mg/di)
90 days 4140+7.18 46.80 £5.12 3706 +£6.38 42.36 £ 5.94 41.91'+6.15
120 days 67.39 + 5.66 54.02 £ 10.44 4870272 33691816 5095"+6.75
150 days 41.40 £ 462 36.451£510 3797 +522 51021272 41.71% ¢+ 4.41
Overall mean 4531° £ 6.63 4355 £ 549 42.78" £+ 4.40 41.03%+5.72
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Table 6: {Continued).

Treatments
Biood Age of lamb Cc T T2 T3 Overall mean
components
Trig(lyc%ilc)les 0 days at weaning 18.03+4.48 21641 4.16 19.85 £ 0.86 2080 4.88 20.08™x 3.60
mg
days 21.01+£0.72 20351086 1472+ 017 2217 £ 3.87 19.56°%+ 1.40
120 days 19.85 £ 1.66 18.86 £ 5.26 1571+ 098 14.87 +1.03 17.32°+2.07
150 days 2514 + 2.44 24,151 082 2961 +244 21.29+ 250 25.05"+2.07
erall mean 21.01" 2282 21.25"+2.80 19.97"+1.11 19.78" £+ 3.07
Glucose 0 days at weaning 7.50+0.78 8.50 £ 1.03 71712017 7551077 768°+069
( mg/dl)
0 days 6.90+1.06 7.53+£028 6.70 £ 0.25 6.85 £ 0.53 6.99° + 0.53
120 days 8.341 0.81 7.35+0.65 7.20£0.10 6.82 +0.54 7431052
150 days 8.30+0.35 7.26 + 0.46 7.81+£017 6.12 + 0.56 7.37°%+0.38
veralt mean 7.76% £0.75 7.66% 1 0.61 7.22%%10.17 6.83%+ 060
Minerals
Zinc 0 days at weaning 27222 +58.81 . 363.80+32.70 48750+16.86 387.50+4817 377.78° £30.13
( ug/d))
0 days 4236115775 46044+ 1002 5180613234 53472+973 486.46°+27.46
120 days 50167 +27.98 62083+1445 6722214628 609.72+51.79 623.61°135.12
150 days 704.17 +40.94 61667 £ 3346 347.22+48.12 586.11+13.90 563.54* +34.10
verall mean 497.92°+ 46.37 517.71°122.66 506.25°+35.90 529.51% 1 30.90
Fe 0 days at weaning 37.42 + 2.38 18.48 + 8.14 34.55+ 1.84 35.30+1.97 31.44" + 3.58
(ug/di)
0 days 21.67 £8.85 470 +£1.32 8.18 $2.33 5242 +268 21.74° £3.79
120 days 17.73 +£8.43 24.091+6.85 3167+1.18 24911593 2460 2 560
150 days 26.52 + 1.08 28.03+5861 33.18+0.26 19.09 + 483 26.70% + 2.05
verall mean 25831519 18.82°+548  26.89™ + 1.40 32.93%+ 3,85

a, b and ¢ : Means in the same column or row with different superscripts are significantl (P<0.05)} differed.
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Yousef and Zaki (2001) noticed that the increase in digestibility of CP may be
a reason for the increase of albumin concentration. Data indicated the normal
status of liver since, the liver is the main organ of albumin synthesis.

The glabulin content in blood serum was the highest {P<0.05) with T2,
while control had the lowest value (Table 6). Intermediate values of serum
globulin were found for T1 and T3. There was no significant difference
between T1 and T3. These results agreed with those obtained by El-Masry ef
al. (2001) who found that the concentrations of serum total protein and
globulin significantly (P<0.05) increased with chromium supplementation.
The increase in globulin level may be induced by an improved immune
response in lambs supplemented with Cr Pic, since, Cr Pic may had an
effect on certain enzymes that increase immunoglobulin synthesis (Moconsie
and Mowat, 1893). These results agreed with those obtained by Chang and
Mowat (1992} who showed that serum immunoglobulin and total immune
globulin in caives were increased with chromium picolnate supplementation,
this improves the immune state of the animals. The high levels of globulin of
T2 treatment may indicate good developed immunity status (Kitchennham ef
al., 1975). Maxine (1984) reported that albumin tends to predominate over
globulin in sheep and goats. The globulin concentrations were within the
normal values indicating good immunity status of animals.

The A/G ratio in the present study ranged from 1.86 to 2.18, showing
lowest (P<0.05) values for treatment T2, meanwhile the control recorded the
highest (P<0.05) value (Table 8). It is important to note that all values of A/G
ratio were higher than 1.0, which indicate that animais did not suffer from any
health problems that might affect the performance of experimental animals
as reported by EL- Sayed et al. (2002),

The AST and ALT activiies in blood serum of control were higher
{P<0.05) than other treatments (Table 6). Data of this study, indicated that
the values of serum AST and ALT activities decreased (P<0.05) in lambs
supplemented with Cr Pic when compared with non—Cr Pic treated lambs.
Value of serum AST activity in T3 was lower (P<0.01) than T1 or T2 and
ALT of T2 than that of T1 or T3. The present results disagree with results
obtained by Gaber and Abd El-Monem { 2003) who showed that the
prolonged daily oral administration Cr Pic elicited insignificant increase in the
AST and ALT levels at does of 20 and 60 mg Cr Pic per/ kg DML.

The values of serum AST and ALT obtained in the present study are
comparatively higher and lower, respectively than the normal range for lambs
which may be due to several factors as feeding practices, genetics control,
response to stress, age, liver function and body weight (Boots et af., 1969).

Resuits in Table (6) showed that the concentrations of total cholesterol
and serum triglycerides were decreased in lambs suppiemented with Cr Pic
than that of control lambs. The cholestercl concentrations were 4.36, 5.58
and 9.45 % lower for those supplemental with 20, 40 and 80 mg Cr Pic per
kg CFMI, respectively compared to the control group. Several studies
suggest that Cr plays an integral role in the metabolism of cholesterol and
related fipids in ruminants. Investigators (Liu and Morris, 1978; Offenbacher
and Pi-Sanyer, 1980 and Riales and Albrink, 1981) indicated that Cr
supplementation decreased total serum cholesterol by the magnitude of § to
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12 %, while, Kitchalong et al. {1995) reported 17 % decrease in circulating
total cholesterol was observed in the Cr Pic supplemented lambs. The effect
on serum cholesterol observed in this study is similar to that reported in dairy
calves supplemented with Cr Pic (Bunting et al, 1994). Abraham et al.
(1980} provided evidence that Cr not only decreased cholesterol
accumulation in rabbits, but also it increased the removal rate of cholesterol
already deposited in the aorta. The present results are in accordance with
those obtained by Boyd et al. (1998) who reported that Cr Pic
supplementation with exercise decrease total cholesterol, LDL. Gaber and
Abd El-Monem ( 2003) showed that the cholesterol level was significantly
(P<0.05) decreased at doses of 20, 40 or 60 mg per kg DM of Cr Pic. On the
other hand, the variation in cholesterol level may be accompanied with
changes in cortisol concentration, since the change in concentration of
cholesterol is controlled by adrenocorticotropin hormone, which has an effect
on some steps related to the conversion of cholestercl to pregnenolcne and
consequently to cortisol ( Harper et al., 1979).

Serum ftrigiycerides concentrations in lambs were insignificantly
decreased at doses of 20, 40, and 60 mg Cr Pic per kg CFMi. Serum
triglycerides concentrations were 1.1, 4.85 and 5.85 % lower at doses of
20, 40 and 80 mg Cr Pic per kg CFMI, respectively than in those fed the
control diet (Table 6). The present results are similar to those of Lee and
Reasners (1994); El-Masry et al. (2001) and Gaber and Abd El-Monem (
2003) They recorded that Cr Pic supplementation was associated with lower
serum triglycerides. Moreover, the results of this study are in the same line
with those of El-Gharably (2000), who proved that Cr Pic lower both serum
cholesterol and triglycerides.

Data presented in Table (6) showed that serum glucose concentration
was significantly (P<0.05) decreased in lambs supplemented with Cr Pic
compared to the non-supplemented lambs. However, glucose concentration
in bicod serum was significantly (P<0.05} lower in T3 than contral and T1
{Table 6). It can be noticed that T3 recorded significantly (P<0.05) the lowest
values of serum glucose by about 13.6, 12.15 and 5.7% than the control, T1
and T2, respectively. The decrease in glucose level may be attributed to the
depression in cortisol level (Munck ef al., 1984} which has been found to he
associated with reducing gluconeogenesis process and increasing glucose
utilization as response to an increase in insulin concentration (Brockman,
1986), since Cr seems to be an integral component of glucose toierance
factor to potentiate the action of insulin {Anderson and Mertz, 1977). On the
other hand, Mersmann (1986) suggested that Cr may decrease the uptake of
glucose in the liver and increase glucose uptake in adipose tissue. Ward et
al. (1994) showed that Cr Pic reduced binding of insulin to liver cell
membranes. This could imply that Cr Pic may decrease hepatic storage of
glucose and increase glucose utilization by other tissue. The present results
are similar to those reported by Chang and Mowat (1992) who found that the
serum glucose level in steers supplemented with Cr Pic tended to be iower
than that of steers non-supplemented with Cr Pic. El-Masry et al. (2001)
showed that the serum glucose leve! was significantly (P<0.01) decreased in
claves received 0.6 mg Cr Pic / kg DM under solar radiation as compared
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with untreated claves under the same environmentai conditions. However,
the results of this study disagree with those obtained by Lindemann ef af.,
(1995); Forbes et al. (1998) and Gentry et al. (1989) who reported that the
serum glucose concentrations were not affected by the dietary
supplementation of Cr Pic.

There were sighificant (P<0.05) differences in serurm AST, triglycerides
and glucose concentrations among the age of tambs (duration of feeding the
experimental rations) (Table 6) expect for ALT and cholesteroi which showed
non significant {P>0.05) difference between duration of feeding the
experimental rations.

From the present study, it can be concluded that Cr Pic
supplementation for lambs induced significant (P<0.05) increases of Zn and
Fe levels in serum than the control lambs (Table 6). Chang and Mowat
(1992) suggested that Cr supplementation may improve Zn status. The
increase in serum Zn and Fe levels may be attributable to the apparent effect
of Cr on minerals release from the animals body, in which Cr
supplementation has been shown to protect animals against the stress which
induces losses of several trace elements such as Zn, Fe, Cu and Mn in
growing claves {Chang and Mowat, 1992}. The present results are similar to
those of El-Masry et al. (2001) who reported that supplementation with Cr for
calves exposed to solar radiation condition exhibited significant (P<0.01)
increases in serum Zn and Fe as compared with non-supplemented claves
under the same condition. On the other hand, it is well known that
immunoglobulin production is regulated by specific enzymes that have a
trace elements at their core, the most common being Zn , Cu and Fe (Fielden
and Rotilio, 1984), Possibly, Cr may be another trace element that
participates in certain enzymes that increase immunoglobulin synthesis or Cr
may influence Zn , Fe and or Cu metabolism , which indirectly affect
immunogicbulin levels (Chang and Mowat, 1992).

There were significant (P<0.05) differences in serum Zn and Fe levels
among the age of lambs (duration of feeding the experimental rations) (Table
6).

Economical efficiency:

Values of total cost as LE per lamb were 454.79, 459.29, 476.56 and
467.20 for rations C, T1, T2 and T3, respectively (Table 7). The
corresponding values of return as LE per lamb were 321.60, 336.82, 362.05
and 357.30. The data indicated that, return / lamb increased by 4.73, 12.58 |
11.10% for rations suppiemented with Cr Pic T1, T2 and T3 respectively,
compared with control ration. Also, feeding rations supplemented with Cr Pic
impraoved economical efficiency more than control ration. These results are in
agreement with those obtained by El-Tahan ef al. (2005).
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Table (7): Economical efficiency of lambs fed rations supplemented
with chromium picolinate.

[ T1 I T2 T3 ]
tems Weight Price | Weight Price Weight Price Weight Price |
(kg) (LE) | ({ka) {LE) [(kg) (LE) . (kg) (LE)
Initial weight {kg) 17.50 297.50| 17.33 294.61 |17.83 303.1% [17.17 25189
Final weight (kg) 4567 776.19| 4683 79611 |49.33 838.61 | 48,50 824.50
otal gain  (kg) 28.17 . 29.50 3150 31.33
eed intake as feed :
CFM (kg) 138.77 149.18| 141.43 152.04 |145.33 156.24 |143.25 153.99
RS (kag) 90.07 81 93.60 842 9530 858 |9500 856
Cr.Pic {mcg) 208464 420 [5233.2 863 | 7737 1277
[Total feed cost/ jamb (LE} 157.29 164 .66 173.45 175.3%
Cost of kg gain (LE) 558 5.58 5.51 560
[Total cost / lamb (LE) 454.79 459.29 4786.56 467.20
Return / lamb (LE) 321.60 336.82 362.05 357.30
lIEmproving in return, (%) . 473 12.58 11.10
E* 0.71 0.73 0.76 0.76

*Economical efficiency (EE)=__Return / lamb .
Total cost lamb
The price of feedstuffs and products :
Live weight = 17 LE per kg , CFM = 1075 LE per ton, RS = 90 LE per ton, Cr Pic = 1.65
LE per 1000 mcg.

Conclusion:

From the previous data, it could be concluded that, supplementation of
chromium as chromium picolinate during fattening period of lambs improved
digestibilites of various nutrients, feeding values, daily body gain, induced
significant increase Zu and Fe in servm this rises the immunity of lambs and
return especially with 2 nd tested ration (T2) : 60 % of requirements from
CFM + RS ad iib + 40 mcg Cr Pic / kg CFMI.

REFERENCES

Abraham, A.S.; M. Sonnenblick; M. Eini; O. Shemesh and A P. Batt. (1980).
The effect of chromium on established atherosclerotic plagues in
rabbits. An. J. Clin. Nutr,, 33: 2294,

Anderson, R.A, (1987}. Chromium . In : W. Mertz (Ed.) Trace Elements in
Human and Animal Nufrition (5™ Ed.) p 225. Academic Press, San
Diego, CA.

Anderson, R.A. and W. Mertz (1977). Glucose tolerance factor as essential
dietary agent. TIBS December: 277.

A.O.A.C. (1990). Association of Official Analytical Chemists. Official Methods
of Analysis. 13™ ED. Washington D.C.,U.S.A.

Boleman, S.L.; S.J. Boleman; T.D. Binder; L.L. Southern; T.L. Ward; J.E.
Pontif and M.M. Pike (1985). Effect of chromium picolinate on growth,
body compaosition and tissue accretion in pigs. J. Anim. Sci., 73: 2033-
2042.

Boots, L. R;. Cerist, W. |; Davis, D. R,; Brum, E. W. and Ludwick, T. M.
(1969). Effect of age, body weight, stage of gestation and sex on
plasma glutamic-oxaloacetic and giutamic-pyrucic transaminase
activities in immature Holstein cattle. J. Dairy Sci., 52, 2: 211.

3193



Moawd, R.I. et al,

Boyd, 5.G.; B. E. Boon; AR. Smith, J. Conner and G.. Dohm (1998).
Combined dietary chromium picolinate supplementation and exercise
program leads to a reduction of serum cholesterol and insulin in
college aged subject. J. Nutrition Biochem, 9: 471-475.

Britton, R.A.; G.A. Mclaren and D.A. Jott (1968). Influence of cane molasses
-on NPN utilization and fiber digestibility. J. Anim. Sci. 27: 1510 (Abstr.).

Brockman, H.P. (1986). Pancreatic and adrenal hormone regulation of
metabolism. In : L.P. Milligan, W.i. Grovum and A. Dobson (Ed.).
Control of Digestion and Ruminants. pp 405-419. Prentice Hall
Englewood Cliffs, NJ.

Bryan, M.A; M.T. Socha and D.J. Tomiinson {2003). Effect of supplementing
intensely grazed late gestation and early lactation dairy cows with
chromium-I.- methionine. J. Dairy Sci. 86 (Suppl. 1): abstract. _

Bunting, L.D.; J.M. Fernandez; D.L. Thornpson, Jr. and L.L. Southern (1994).
Influence of chromium picolinate on glucose usage and metabolic
criteria in growing Holstein caives. J. Anim. Sci, 72: 1691-1598.

Chang, X. and D.N. Mowat (1992). Suppiemental chromium for stressed and
growing feeder calves. J. Anim. Sci., 70. 559.

Chang, X.; D.N. Mowat and G.A -Spiers (1992). Carcass characteristics
and tissue mineral contents of steers fed supplernental chromium. -
Cam. J. Anim. Sci., 72; 663.

Depew, C.L.; L.D. Buntting, JM. Fernandez; D. L. Thornpson, jr. and
RAdkinson (1998). Performance and metabolic responses of young
dairy claves supplemented with chromium tripicolinate. J. Dairy Sci,
81:2916.

Doumas, B.T. and Biggs, H.G. (1972a). The colorimetric determination of
total protein in serum or plasma. Standard Methods of Clinical
Chemistry. Vol 7. Academic Press. New York.

Doumas, B.T. and Biggs, H.G. (1972b). The colorimetric determination of
albumin in serum or plasma. Standard Methods of Cilmcal Chemistry.
Vol 7. Academic Press. New York.

Duncan, D.B. (1955). The multipie range and F. test. Blometncs, 11; 1-45,

El-Gharably, H.J.H. (2000). Some hormonai and biochemical changes in
response to chromium in goat M.Sc. thesis, Faculty, Vetennary
Zagazig University, Egypt.

El-Masry, KA, HA. Fouly and S.A. Gabr (2001). Phys:ologuca! action of
chromium on some blecod biochemical constituents and immune
response in relation to growth performance of heat stressedecalves.
Egyptian J. Nutrition and Feeds, 4: 453-463. _

Ei-Masry, K.A. and I.F. Marai (1991). Comparison between Friesian and
water buffaloes in growth rate, milk production and some blood
constituents during winter and summer conditions of Egypt. Anim.
Prod. 53:39.

EL-Sayed, H. M., EL:Ashry, M. A, Metwally, H.M., Fadel, M. and Khorshed,
M. M. (2002). Effect of chemical and biological treatments of some
crop-residues on their nutritive value: 3- Digestion coefficient, rumen-
and blood serum parameters of goats. Egyptian J. Nutrition and Feeds,
5(1): 55-89.

3194



J. Agric. Sci. Mansoura Univ., 33(5), May, 2008

El-Tahan, A.A.; R.I. Moawd; A.A. Abd El -Hamid and K.M. Ei-Gandy (2005).
Effect of chromium piclonate supplementation on productive
performance of lactating cows. Egyptian J. Nutrition and Feeds, 8
(Special Issue) 555-565.

Evans, G.W. and E.C. Johnson (1980). Growth stimulating effect of picolinic
acid added to rot diets. Proc. Soc. Exp. Biol. Med., 165-457.

Fielden, E.M. and G. Rotilio (1984). The structure and mechanism of Cu/ Zn
super oxide dismutase. In: R. Lontie (Ed.). Copper Proteins and
Copper Enzymes Vol. ll. P 27. CRC Press, Boca Raton, FL.

Forbes, C.D.; J.M. Fernandez; L.D. Bunting; L.L. Southern; D.L. Thompson,
Jr.; LR. Gentry and AM. Chapa (1998). Growth and metabolic
characteristics of Suffolk and Gulf Coast Native Yearling ewes
supplemented with chromium tripicolinate. Small ruminant Res., 28
143-160.

Gaber, Fatma, E-S. and UM. Abd El-Monem (2003). Effect of chromium
picolinate supplementation on growth petformance, carcass traits,
biochemical parameters and bicod constituents of growing rabbits
under the summer Egyptian conditions. SCVMJ, VI (1): 24-32.

Gaskins, H.R.; W.J. Croom, Jr; .M. Fernandez; J.E. Van Eys, W.M. Hagler,
Jr, and W.LJohnson (1991). Metabolic responses to protein
supplementation and slaframine . in goats and sheep fed roughage.
Small Ruminant Res,, 6: 73-84.

Gentry, L.R.; J.M. Fernandez, T.L. Ward;, T.W. White; L.L. Sauthern; T.D.
Bidner; D.L. Thornpsen, jr.; D.W. Horohov; A.M. Chapa and T. Sahlu
(1999). Dietary protein and chromium ftripicolinate in Suffolk wether
lambs: effect on production characteristics, metabolic and hormonal
responses and immune status. J. Anim. Sci., 77. 1284-1294.

Harper, H.A; V.W. Rodwell and P.A. Mayes (1979). Review of physiological
Chemistry. 17" E dition. pp.511. Middie East Edition, Long Medical
Publications, Beinit, Lebanon,

Hayirli, A; D.R. Bremmer; S.J. Bertics; M.T. Socha and R.R. Grummer
{2001). Effect of chromium supplementation on production and
metabolic parameters in per parturient dairy cows. J. Dairy Sci., 84:
1219.

Ingraham, R.H. and L.C. Kappel {(1988). Metabolic profile testing. Vet. Clin.
North Am. Food Pract., 4: 391-411.

Jacques, K. and S. Stewart (1993). Does chromium hare future in fed. J.
Feed Tech. Market., Vol. 44, No.2.

Kitchalong, L.; J.M. Fernandez; L.D. Bumting; L.L. Southern and T.D. Bidner
{1995). Influence of chromium tripicolinate on glucose metabolism and
nutrient partitioning in growing fambs. J. Anim. Sci., 73; 2694-2705.

Kitchennham, B.A.; Rowlands, G.J.; Manston, R. and Dew, S.A. ( 1975). The
blood composition of dairy calves reared under conventicnal and rapid
growth system. Brit. Vet. J., 31.

Kornegay, E.T.; Z. Wany, CM. Wood and M.D. Lindemann (1997).
Supplemental chromium picolinate: Influence nitrogen balance, dry
matter digestibility and carcass traits in growing finishing pigs. J. Anim.
Sci., 75: 1319.

3195



Moawd, R.l. et al.

Kumar. N. U. B.; B.Singh and D. N. Verma (1980). Effect of different levels of
dietary protein and energy on growth of male buffalo calves. Ind. J
Anim. Sci., 51:513. '

Laborde, C.J.; AM. Chapa; D.W. Burleigh; D.J. Salgado and J.M. Fernandez
{1995). Effects of processing and storage on the measurement of
nitrogenous compounds in ovine blood. Small Ruminant Res., 17: 159-
166.

Lee V.A. and C.A. Reasners (1994). Beneficial Effect of chromium
supplementation on serum triglycerides level in NIDDM. Diabetes
Care, 17 (12): 1449-1452.

Lindemann, M.D.; C.M. Wood; AF. Harper; ET. Komegay and R.A
Anderson (1995). Dietary chromium picclinate additions improve gain
feed and carcass characteristics in growing finishing pigs and increase
litter size in reproducing sows. J. Anim. Sci., 73: 457-465.

Liu, VK and J.S. Morris (1987).Relative chromium response as an
indicator of chromium status. Am. J. Clin. Nutr., 31; 972.

Maxine, M. B. (1984). Outline of Veterinary Clinical Pathology. {Fourth Ed.},
The lowa state Univ. Press Anim. lowa USA.

Mersmann, H.J.(1886). Lipid metabolism in swine. In: H.C. Stanton and H.J.
Mersmann (Ed.). Swine Cardiovascular Research. Vol 1. p 75 CRC
Press, Boca Raton FL.

Mertz, W. (1969). Chromium occurrence and function in biological systems.
Physicl. Rev., 49:163.

Mertz W, (1993). Chromiumn in Human Nutrition: A review. J. Nutr., 123; 626,

Mooney, KW. and G.L. Cromwell (1995). Effect of dietary chromium
picolinate supplementation on growth, carcass characteristics and
accretion rates of carcass tissue in growing finishing swine. J. Anim,
Sci., 73: 3351-3357.

Moonsie- Shageer, S. and D.N. Mowat {1993). Effect of level of supplemental
chromium on performance, serum constituents and immune status of
stressed feeder caives. J. Anim. Sci., 71: 232-238.

Mowat, D.N.; X. Chang and W.Z. Yang (1993). Chelated chromium for
stressed feeder calves. Com. J. Anim. Sci., 73; 44-55.

Munck, A; P. Guyre and N. Holbrook (1984). Physiological functions of
glucocoerticoids in stress and their relation to pharmacological actions.
Endocrinal. Rev., 5:25.

Nielsen, F.H. (1994). Chromium In: M.E. Shiis, J.A. Olson and M. Shik (Eds.)
Modern Nutrition in Heaith and Disease (8" Ed.). Lea & Febiger,
Philadelphia, PA.

N.R.C. (1988). Nutrient Requirements of Domestic Animals. Nutrient
Requirements of Sheep. National Academy of Sciences, Washington,
D.C.

Offenbacher, F. G. and F.X. Pi-Sanyer {1980). Beneficial effect of chromium
- rich yeast on glucose tolerance and blood lipid in elderly subjects.
Diabetes, 29: 919.

Okelly, J.C.{ 1973). Seasonal variation in the plasma lipids of genetically
different types of cattle steers on different diets. Com. Bichem.
Physical, 44. 303.

3196



J. Agric. Sci. Mansoura Univ., 33(5), May, 2008

Page, T.G.; L.L. Southemn; T.L. Ward and D.L. Jr. Thompson {1993). Effect of
chromium picolinate on growth and serum and carcass traits of
growing — finishing pigs. J. Anim. Sci., 71: §56-662.

Press, R.l.; J. Geller and GW. Evans (1990). The effect of chromium
picolinate on serum chelesterol and apolipoprotein fraction in human
subjects, West. J. Med_, 152: 41-45.

Reitman, S. and S. Franke! (1957). Acolorimetric method for determination of
serum glutamic oxaleacitic and glutamic pyruvic transaminases Amer.
J. Clin. Path., 28, 56-63.

Riales, R. and M.J. Albrink (1981). Effect of chromium chloride
supplementation on glucose tolerance and serum lipid including high
density lipoprotein of adult men. Am. J. Clin. Nutr., 34:2670.

Rowlands, G. J. (1980). A review of variation in the concentration of
metabolism in the blood of beef dairy cattle associated with physiology,
nutrition and disease with particular reference to the interpretation of
metaboiic profiles. Wid. Rev. Nufr. Diet, 35:172.

Samsell, L.J. and J.W. Spears {1989). Chromium supplementation effects on
blood constituents in lambs fed high or low fiber diets. Nutr. Res., 9
889-899.

SAS (1995). SAS Users Guide, Statistical Analysis System Institute Inc.,
N.CUS.A.

Schwarz, K. and W. Mertz (1959). Chromium (lll} and glucose tolerance
factor. Arch. Biochem. Biophys., 85: 292.

Smith, K.L.; M.R, Waldron; J.K. Drackley; M.T. Socha and T.R. Overton
(2005). Performance of dairy cows as affected by pre-partum dietary
carbohydrate source and supplementation with chromium throughout
the transition period. J. Dairy Sci., 88 {1) : 255- 263.

Ward, T.L.; L.F. Berrio; L.L. Southern; J.M. Fernandez and D.L. Thompson,
Jr. (1994). In-vivo and in-vitro evaluation of chromium tripicolinate on
insulin binding in pig liver cell plasma membranes. FASEB J. 8:A 194
(Abstr.).

Weser, U. and J. Koolman (1969). Reactivity of some fransition metals on
nuclear protein biosynthesis in rate liver. Experientia , 26: 246.

Yousef, HM. and A A. Zaki (2001). Effect of barley radical feeding on body
weight gain and some Physiological parameters of growing Friesian
crosshred calves. Egyptian J. Nutrition and Feeds, 4 (Special Issue)
465-472.

3197



Moawd, R.l. et al.

Ao el Cledd gy ALY S0 A agaag SN cliglty dilal il
. Caadl Cppand

¢ Galll Gua daf cualt sMe o Mal pd sal sl ¢ Gagma aaad cll
oaladl il 4o daal gyl 3o Al 38 G

A1 ,50 3 159 — Al 0 Sigadl 8 a = A padl ZGNYH &gay dpaa

Aol ZEYY Gy pead Tatil § el G guadl 2 GV S gy Adnaay Aol 334 Oy sl
Ay Y el e oy S cli gy il Al g @y (Dt 30 Gigadl S e —
ohaaldl fpand die 2l Gluld

pui) agatace Lag b M Coas 2 VY, 6T Lt oyl das i Jas Y8 330 Ll jall 338 3 aacild
iy el Ral S o piad oy aall o pai el DA G B B pedll Olbad
- NRC (1986) o id ik
o (R dide) andll G S e doplie il e Slabfa¥) (e % 3. -
Wanalh ) JsSle 38 50 cile Jaglin paS [ ogpay S UGSy Jony Som Yo+ LED Al -

(Ss¥
Udeal)  JoSle 38 sa il daglin aaS [ ogieg)S Sligly ol ymg )Sae €0 + L Ao ¢
(At
Ul ) dssla 3850 cile bjlin paS [ o ypag S SOy o pay S 30 + LA Gl -2
(e

Banly 3 pe alll B3k (e payrey SN GG G pa ALl Ly Sy s VO£ Baad 4y 0l G adl

ool pal Sy Al FO il LS e s o lad as b el ) Ay glall Lin g Ul b

—1 ST Lgle Joantial

L COleladll 5 gy [ an YW @ Yo VAT VAT 500 S gall B3l 30 i€ Y

slalaall a5 sine 8 Qauy M e BN, Za0N, I,
sle i A aally D jlaa Anglall WO0G AS) alS gy ST G IS Aldlaad) (Sl Y
-y A dide

S AT ey L M3y gnt Jane S) 200D LGB0 Al (e JS ekl -8

el sy S gy Ll Gl 33l Gikidl L0l GlS gl adas Clliles CilS -0
ué,ﬂj&)ﬂ#‘l}lﬁl Qm_ﬂlundﬂmhs‘.\sylunﬂm, LJLH'“’_IDLJQH_,‘&I-A
oo yagall Bl 55 gl y A puagall SIS S Hall SISy 000N A Al

Ofsasla comeslil ¢ S Ghg ol e JS IS S A gine Bah) Qigas a3l Ciekl -1
m‘ L:Jl.\.l'_)ugl_ahj d,_,,ﬁ....!_,sll Q'j:‘s_):‘qj(é)h“uﬂi:' h":)he .a.'n;]l, vﬂ.'lj.“ ¢ Aelidd
- oSkl y

cile bglia aaS) [ jag Saa Ve ¢ Er oY Jinas ogaey KB gy dilial ) pill O ekl -V
% V4,V ¢ VY,0A ¢ VY Ly daa [ el a5 I Gaadl Cpend 30 Jasla S e

A il 45 e e
Aoy sSie o siaay Glaadl Gpand Gl ) pse g S il ALy Ayl eagiy

palll g 380 S pad s SO Cpad  say il Y JgShe S e cale daglie aaS)/

delia By vﬂa.“.ud.a‘)nj aall unds‘).ls_).!s’-lkl__’.ll.ao.)\g_) Jhs_,q..,m yaill Jaaay 3Rl

g haily! dilall 33l 3y (Plaad)

3198





