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ABSTRACT

Two hundred and forty broiler chicks (one day old). were randomly divided into four
equal groups, each group was subdividerd to be in doublicate (30 chicks for each). Four
levels of diletary chromium supplementation (O control, 800, 1600, and 3200 pug /Kg)
were provided (n the form of chromiun picolinate tivougliout the experimental period (6
wecks), The chicks were fed on starter diet (23% CP & 3200 Kcal ME/Kg) for the first 3
wezks and grower- finisher diet {20% (P & 3200 Keal ME/Kg) through the next three
weeks. Dody weight and feed intake were determined and feed conversion ratio wwas
calculated. At the end of experiment, blood samples were collected for obtaining clear
sera which were used for determination of the total proteins, albumin, globulin. ghe
cose. triacylglycerol, high density lipoprotein (HDL), low density lipoprotein (LDL}). phos-
pholipids and non estrified Jree fauty acids (NEFFASs). Also, liver function enzyines (n-
cluding aspartate aminotransferase (AST). alanine aminotrans ferase (ALT) and gamuna
glutamyl transferase (GGT} were deterinined. In addition, serum samples were used
Jor determination of haemagglutination inhtition tiler against Newcastle disease, »
globulin, IgG and IgM. At end of the experiment, five birds from each replicate were
used _for dewennination of carcass (raits and compasition. The obtained results revealed
that feeding high chromium levels (1600 and 3200 ug/Kg) significantly increased
{P<0.05] the final body welght and avernge daily weight gain. However, chromium had
rno ¢{fect on feed conversion. The dietary supplements of chromium (1600, 3200 uq/Kg)
significantly reduced the blood glucose, the tatal cholesterol level, LDL and NEFFAs.
Also, chromium supplements (1600 and 3200 ug/Kqg} increased senun phospholipids.
HDL, total proteins, albumin and globulin. The lHver function tests (AST, ALT and GGT)
indicaled no differences between the different groups. High chromium supplementation
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{1600 and 3200 ug/Kq) increased the y-globulin levels. Haemagglutination inhibition
antibody titer against Newcastle vaccine, IgG and igM were increased witl increasing
the chromium level in the diets. The carcass yield did not affected by chromium supple-
meniation (1600 and 3200 ng/Kg). There were decrease in the abdaminal pad and int-
crease in breast yield at the leovel of 1600 and 3200 pg/Kg of chromium. The protein
percent of carcass was increased and fat pereent was decreased while the ash and

moisture were not significantly affected.

INTRODUCTION

Trivalerd chromium ts mvolved in carbohydrate metabolism and recogntzed as active compo-
nent ol glucose (olerance factor (Rosebrough and Steele, 1981). [t has been reporled that chro-
mium plays an important role in regulating glucose metabolfsiy in human and laboralory ani-
mals (Mertz, 1993). Chromium [acllilates Interaction between insulin and insulin reeeptors
(Mocradian and Morley, 1987), and involved In lipld, proteln and nuclele acid metabolism
{Okada et gl., 1984; Ohha et al., 1986; Press et al.,, 1991; McCarty, 1091; Page, 1991; Leln
et al., 1999). Cell prolileralion and synthesis ol regulatory protein form the basls ol an ellcetlve
immunc response. It can be alleeted by dietary chromium as improved hmnune responsc has
been olserved wheu organie forms of chromivm werc supplemented 0 stressed fcerler calves
(Chang and Mowsnt, 1992; Moonsie-Shagecr and Mowat, 1993) and to dairy cows (Burton et
al,, 1993).

Stresses and discases bolh Increased nrinary exerction of ehromfuim (Borel et al., 1984; An-
derson et al., 1988) and may exacerbate a marginal ehromium deliciency. Therctore, deficiency
of trivalent chromium may oceur in chicken under stress condition because of metabolic chiang-
es medlaled by vartoas stressors. Clhiromium deficiency may slow growth rate, impair glucose tol-
erance and ulilmately lcad to diabetes or coronary heart discasc (Simonoff et al,, 1984). So,
chromium is recognized as an essential trace element for bnman and NRC (19889) has cecom-
mended an inlake of 50 to 200 ug /Kg of trivalenl chroinium for the adult human. 1lowever, an
appropriate recommendation of the chromium requirement of poultry has not been made (NRC,
1994). because of poor absorption ol chromium chlodde which was largely used as a chromiam
supplement in the carly studics (Dowling et al., 1989; Lien et al., 1996). Scveral investigators
have demonsirated that the cffect of chromium chloride (s tnsignificant as a diclary supplement
(L1 and Stoecker, 1996; Lien et al., 1996).

Chrominm pleolinate, an organic and low toxic fonn of trivalent chromium van stimulate n-
sultn aclivily (Evans, 1989; Walker, 1993; Amoikon et al., 1996). Organic chromiam in-
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proved immune response and inercased the chromima conecentration in the kidney and spleen
(Anderson and Kozlovsky, 1985: Anderson et al.,, 1993 ; Mooney and Chromwell 1997).
Plant products contain a low contenl of chromium. implying that broilers may have deficieney of
chromium because their diets mostly are of plant ingredicnts (Gibson 1989). Poulliy requlred
higher lcvels of chromium because f-cells of panereas of poultry are not being active as thase of
mammals and secreting a small amount ol (nsulin (Lien et al., 1993; 1996: Ward et al., 1994),
Therclore. the present study is 1o investigate the elleets of dietary snpplementation levels ol
chrominn picolinate on the growth perlformanee. scram blochemical paramecicrs and timnune

respPonse.

MATERIALS AND METHODS

Two Imindred and lorly broiler chicks (one day old). were equally divided al vandom into four
proups. cach group was subdivided {o be in doublicate (30 chicks for cach). Four levels of diclary
chromium supplementation {0 control, 800, 1600. and 3200 pg Cr /Kg) were provided in the
forni of chiromium plcolinate. The broilers were ralsed for 6 weeks in a pen with natural ventilla-
tion. the chicks were ted on starier diet (23% CP & 3200 Keal ME/Kg) for (he first 3 weeks and
grower- fluisher diet (20% CP & 3200 Keal MLE/Kg) througly the next three wecks (table, 1} .

The feed and water were provided ad-libitum. The birds weve vacclnated against Newcastle
discase virus using Hitchener and LaSota vaceines at 7 and 14 days of age. respeclively. Body
welght and feed intake were delermined and the leed conversion ratio was calculated. Al end of
the experiment, blood samples were collecied from the wing vein o 10 birds from cich group (5
hirds for ¢ach replicate), Blood samples were cenlrifuged for obtaining clear sera which were
used for determination of total proleins (Comel et al., 1949), albumin (Dowmas, 1971). globu-
Iin ( subtracling albumin from (otal proteins}, glucose (Trinder, 1969), Iriacylglycerols (Young
and Postaner, 1975), total cholcsterol (Melattind, 1978), I1DL (Clark et al, 1983). [LUL. (Fried-
wald et al., 1973). phospholipids (Zllversmit, and Davis, 1850) and NEIF[FAs (Dnucombe,
1964). Liver (uncllon tests including AST. ALT (Reltman and Frankel, 1957) aund GGT [ Per-
slin and Vanderk, 1976) were deicmined. Regardiug the Immune response, the serum samples
were used Tor determination of haemagglutination inhibition titer against Newcastle discase

{Anon. 1980), y-globulin (Davis and Ornistein, 1964). IgG and IgM (Erhard et al., 1992).

At end of the experlment, five birds from cach replicate were weighed, stauglitered and sced
for studying the carcass fralls and coniposlifon according to AOAC (1984). The obtained data

were analyzed using onc way ANOVA (est (Senedecor and Cochran, 1989).
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Table (1) : Physical and chemical composition of experimental diel

Ingredients 03 (\::;eks 6 (\;:eks
Ground yeilow com 53.96 63.82
Soybean meal(44%) 30.00 23.10
Fish meal (72%) 7.25 6.12
Soybean oil 5.63 4.00
Limestone 0.91 0.38
Dicalcwm phosphate 1.72 1.53
Sodium chloride 0.30 0.30
Vil.& min. premix’ 0.25 0.25
DL-Melhionine 0.07 .
Calculated value**
ME (Kcal/Kg) 3200 3200
Crude protein % 23.0 20.0
Calcium % 1.00 0.90
Available phosphate % 0.45 0.40
Lysine % 1.33 1.12
Methionine % 0.50 0.39

' Vilamn and mineral premix per 2.5 Kg supptied the following; Vitamin A, 3.5x106 (U; Vitamin D 5x10° WU; vi-
tamin E, 25000 IU; vitamin K, 150 mg; ribollavin 1000 mq; panlothenic acid, 3000 mg; niacin, 7000 mg;
choline, 3. 5x105mg,' biotin, 50 mg: tolc acid, 150 mg; vitamin B,, 3.0 mg; thiamin, 500 mg; pyridoxine, 800
mg: Cu, 50g, Fe, 100g; Mn, 70 g: Zn. 50 g; iedine, 350 mg and selenium, 150 mg. The producer recom-
mended 2.5 Kg premix/ lon diet).

** Values are calculaled according to feed composition lable ol NRC (1994),
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RESULTS AND DISCUSSION

The effects of feeding the dicts snpplemented with different levels of chramium picolinate on
brailer performance are presented in lable 2. Feeding the diets supplemented with chroniiom pi-
colinatc al the level ol B00 myg had no signiflcance cffeet on bady weight, feed intake and feed
conversion. while the high chromium levels (1600 and 3200 ug /Kg) significantly incrcased
(P<0.05) (he final body weight and the average dally weight gain. Kim et al., (1998) reporled
that supplementation of 100 to 800 mg chromium picolinate /Ky diet did not aflect growth per-
formance ol broflers. Also, previous investigations found no response in broiler grow(h perfor-
mance when dictary supplements of 100 16 400 niyg elwomimn picolinale /K¢ were nsed (Lein et
al., 1993; Ward et al.,, 1994; Mortozona, et al.,, 1998; Hegazi et al., 2001). Furilicnnore.
Lein et al., (1999) rcported that a dictary level of 800 gg /Kg chromium picolinate did not
affect growih performance of broller bul ligher levels of chromium improved (he  body
weight and avcerage weight gain. In mammalian studies, dietary supplements of 200 my chromi-
um pleolinate /Kg dict tended (o enhance the growih rates of pigs and calves (Chang and Mow-
at, 1992; Moonsie-Shageer and Mowat, 1993; Lindemann et al., 1995). '1hc dilference be-
tween broilers and mammals in tern ol clfectiveness of chromium supplementation might be
attributcd {o that pancreatlc p-cells in poultry not being are active as those in mainmals
(Lien et al., 1999). lucreascd weight galn conld be due to chromium action via reduction of ser-
um cortisol deereasing its catabolle cllect (Brockman, 1988). In addition to chromitumn role in
metabulic process, 1t has been reported that chromium afleet nuclear protehin synithesis (Okada
et al., 1984). Also. the incrcascd average dally weight gain in brotlers fed high chrominm-diet
may be chic to tnercase dally feed intake, however, cliromium did not affect fecd conversion ratio
(table, 2). Similar results were reported by Hessain et al., (1998) who found that organic chro-
mium supplementation incrcascd thic body weightl gain ol broilers but did nol affect leed conver-

slon.

‘The elleet ol feeding diets supplemented with clifferent levels of chromium on scrum biochenmi-
cal paramcters and liver functon lests are shown in table, 3. The obtained resulls exhibited thal
e high dictiay supplenients ol chiromium (1600 and 3200 yf /Kg) reduced thie blood glucose
level. This may be through stimulation ol the biological actvily of insulin by inercasing insulin-
sensitive ecll reeeptors or binding activily (Anderson et al., 1991, Morris et al.,, 1993: Ward et
al., 1994). Plasma insulin concentration was reporied to be increased Mncarly, wheveas corlicos-
lcrone concenlralion was decrcased as dicliny chrromium supplenentation inercased (Sahin et
al., 2001). Cortisol promotes gluconcogencsis and reduces glucose utilizalion (Weekes, 1991).
lasulin can stimulate glucose uptake and ultillzation by cclls (Cupo and Donaldson, 1987). Rc-

lated studics in homan and other animals have indicated that a dietary supplement of clironi-
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um reduced the serum glucose (Lefavl, et al., 1993; Mertz, 1893; Amolkon, et al., 1995; Lein
et al., 1996; 1999).

The results of the present study (1able, 3) Indicated that chromlum supplements (1600 and
3200 ug /Kg) Inercased serum tolal proteins. albumin and globuiln. These results are supported
by Hegari et al., (2001) who lound chrominm picolinatc increased serum tolal prolelns. It has
been reported that chromtium had an cflcct on nuclcar protein and RNA synthcsis (Okada et al.,
1984; Chang and Mowat, 1882). This Increase in protein level may be due lo the anabolic effect

of Insulin.

The dictary chromlum picolinale supplements (1600 and 3200 ug /Kg significantly reduced
(P<0.05) the serum levels ol total cholcsterol. LUL and NEFFAs while Increascd levels of both
phospholiplds and HDL. Thcese findings may explain the role of chromlum in decreasing the Incl-
dence of coronary heart discase In human (Simonoff et al., 1984). Similarly, McCarty (1991)
found that the chromlum Inercased the HDL Icvel of human scrum. Howard et al., (1993) indi-
cated {hat insulin increased liver LDL receptors, so reducing the LDL level in scrum. Leln et sal.,
(1999} noliced that high chromium levels in diets of brollers increascd the scram phosphollpids
while both tofal cholcstero) and triacylglycerol were not aflfected. On the othcr hand. Hegazl et
al,, (2001) lound that ehromium picolinate reduced the serum lotal llplds and tatal cholcslerol.
The chromium acts as actlvator of the biological activity of insulln which depresscs adipocyte -
polysis by reducing the activity of cAMP and hormone sensitive lipase (Lambert and Jacque-
min, 1879). Moreover, Pigs fed chromlum pieolinatc supplemcntced ration had lower plasma
NEFFAs concentration than control pigs (Matthews, et al.,, 2001). Thc liver funclinn tests Indl-
cated no diicrence between the diflerent groups in AST, ALT and GGT (table, 3). Gursoy (2000)

mentioned that organic chromium is more avallable, sale and has less toxic effect.

The cltects of chromium pleolinate supplementation on the Immune response of broilers are
prescnled in table, 4. High chromium supplementation (1600 and 3200 yg /K¢ increascd
the y»globulin lcvels. Also, haemagglutination {nhibition antibody titer against Newcastle vaccine,
1gG and [gM were Increased with Increasing the chromnlum level in the diet. Sim{larly. Chang
and Mowat (1992) [ound that chromium picolinate supplementation Increased total immuno-
globulins and IgM . However, Moonsle-Shageer and Mowat (1993) reported that chromium
supplementation had no effect on IgM and 1gG4 levels but signifleantly increased IgG,. lmprov-
ing the Immune response may be due to the efleet of chromium on reduction of cortisol, whleh
has Immunosuppressive effect and inhlbiting produclion and aetlvitles of cytokines and ant{bod-
les (Kelly, 1988: Kegley and Spears, 1995). In additlon, chromium supplementation in
slressed anlmals ean prevenl urinary losses of zinc, iron, copper, manganesc and selenfum
{Schrauzer et al., 1986; Anderson et al., 1988). The deflcieneies of such minerals had been re-
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ported to lower resistance to diseases (Bull, 1990).

Concermning the eflleet of ehromnlum supplemcentation on the carcass traits (table, 5), 1t was
found thal carcass weight but not careass yield was Increascd by chromium supplementation at
the levels ol 1600 and 3200 p¢/Kg¢ djel. Also, there was a decrease In the abdominal fat pad and
an (ncreasc In hreasl yleld at ihe level of {600 and 3200 pg/Kg of chromium supplementation.
Moreover. (he protein pereent of egfcass w3s increased and fat percent was decreased while the
ash and molsture were not signifjeantly different, Hossaln et al., (1998) «nd Choet (1999)
found (hat abdominal fat decreased and brepst meat yleld Increased in brollers fcd dlets supple-
mented with chromium picolinate at fevels gl 300 and 500ppb. respectivcly. Evans and Bowman
(1992) and Kim et al., (1996) demonstrated that the incrcase In protein contenl of brotler car-
cass may bc attributed (o the eflect of insnlin on amino acid uptake. Additionally. Lein et al.
(1999) mentioned thal ehrominm increased the liver lipid accumulation so decreasing accuruu-
lation of fat in abdominal pad.

Collectively (rom the result of the prescnl study, it could be concluded that chromium picoll-
nate supplementation at a level of 1600 ppb lor broiler diets has beneficial eflccts evidenced by
improved growth performance and carcass {rails as well as improving the immunc response. IL
also has beneliclal consequences in terms of enhanced resistance to diseascs by enhancing the

effectivencss of vaceines.
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Table (2) : Etiect of chromium picolinate supplementation on perforance of broilers (Mean + SE)
" Supplemental chromium (ug /Kg dlet)
&S
Control (0) 800 1600 3200

Initial body weight 35.04 + 0.19 35.18+0.25 35.1 +0.28 34.8 + 0.21

Final body weight (g) 1920 + 51.26® | 2165 + 42.338P 2280 + 46.512 2265 + 35.292
Average daily gain (9) 44.88 + 1.25P 50.71 + 1.123b 53.45 ¢+ 0.858 53.1 + 1.652
Average daily leed intake (g) | g6.17 + 3.26 94.83 + 3.123b 101.2 + 4.282 98.77 + 3.88
Feed conversion ratio 1.92 + 0.25 1.87 £ 0.19 1.80 + 0.28 1.86 + 0.25

8D Means in the same raw with no common superscrip! are signilicantly different (P<0.05).

Table (3) : Ellec! of chromium picolinate supplementation on serum biochemical parameters (Mean + SE)
of broiler chickens.

Blachemical parameters

Supplemental chromium (pg /Kg diet)

Controt (0) 800 1600 3200
Glucose (mg/dl) 179.131212 | 166 + 2.442 123.5 + 1.78P 124,17 + 2.11b
Total proteins (gnvd) 5.70 + 0.220 6.78 + 0.4b 9.97 + 0.382 11.04 £ 0.173
Albumin (gr/di) 2.97 +0.31b 4.15 + .35P 6.25 + 0.202 7.33 1 0.322
Globutin (grvdl) 2.73 + 0.280 263+0.210 3.72 + 0.322 3.71 + 0.252
Triacylglycerol (mg/dl) 30.51 + 1.46 27.97 +1.45 28.4+1.28 27.68 +1.53
Total cholesterol (mg/dl) | g9 66 + 2.842 79.23 £ 2.31b 76.19 1+ 3.11P 78.35 + 1.90
Phospholipids (mg/dl) 98.69 + 2.56b 103.81 £ 3.1P 119.37 + 2.32 121.23 1 2.4
HDL (mg/dl) 68.83 + 1.193¢ | 7415 ¢ 1 36D 8292 + 2,132 85.15 1+ 1.982
LOL (mg/dl) 26.16 + 0.852 | 21,03+ 0.72P 19.25 1+ 0.53P 15.09 + D.66°
NEFFA (mg/di) 26.18 + 2.1a3 24 + 1.602 148+ 1.10 6.6 + 0.23¢
ALT(UL) (U/L) 40.21 + 2.45 4133+ 1.52 39.33 + 1.29 42.09 ¢ 1.05
AST(U/L) 20.43 1 1.80 21.67 + 0.69 231+0.82 23.36 + 0.98
i GGT (UML) 8.87 + 0.63 9.12 + 0.35 9.47 + 0.27 9.41 + 0.26

abc Means in the same raw with no common superscript are significantly different (P<0.05)
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Table (4) : Effect of chromium picolinate supplementalion on immune response (Mean + SE) of broiler
chickens.
ten Supplemental chromium (g /Kg diet)
Control (0) 800 1600 3200

Hl titre* 2.93 + 0.13¢ 4,37 +0.23b 7.49 + 0.382 7.41 + 0.2623

Y-Globulin (gm/dI) 0.85 + 0.07P 0.88 +.11b 1.36 + 0.082 1.44 + 0.092

IgG (mg/d)) 589.14 + 257 | 597.59 + 36.7P 845.64 + 40.362 | 838.58 + 17.62

IgM (mg/al) 154,21 + 8.83¢ | 196.11 +6.79® | 23833+ 12.02 274.18 + 17.62

abc peans in the same raw with o common superscripl are significantly different (P<0.05).
* Hi values are log2 of the original liters.

Table (5) : Effect of chromium picolinate supplementalion the carcass trials of broilers (Mean + SE)

temns Supplemental chromlum (ng /Kg diet)
Control (0) 800 1600 3200

Carcass weighl (gm) 1295 + 39.020 | 1435 £32.143b | 1519 434,033 1515 + 26.162
Carcass yield (%) 67.44 $3.29 66.28 + 3.35 66.62 + 2.94 66.68 + 3.68
Abd. Fat pad (% of carcass) | 3 g4 10.342 3.61 1 0.282 2.58 + 0.30P 2.62 1 0.41P
Breast yield (% of carcass) | 201 +1.96P 20.7 + 1.382b 21,73 1 1.642 21,65 + 0.972
Carcass composition
Moisture % 63.21 +4.40 62.35 4 4.35 64.91 £ 3.81 63.46 + 0.B1
Protein % 18.23+1.740 | 18.69 + 18230 19.89 + 1,592 19.94 1+ 1.632
Fat % 16.26 +1.302 | 16.32 1 0.892 13.66 £ 1.120 14.06 1 0.92
Ash % 1.8 +0.17 1.79 + 0.31 1.82 + 0.21 1.89 1+ 0.30

ab Means in the same raw with no common superscript are significantly differont (P<0.05).
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