
Introduction
Chromium (Cr) is essential for both human and animals

and has been on the list of the mineral elements regarded as
essential since 1959 [23]. In recent years, there was conside-
rable research interest in the utilization of Cr in animal feed.
There have been several studies that have investigated the
relationship between the valence of Cr compounds and car-
cinogenicity [18]. The beneficial effects of Cr in human
health were well documented for its role as an integral com-
ponent of the glucose tolerance factor (GTF), which poten-
tiates the action of insulin, one of the most important anabo-
lic hormones [2, 6, 14, 15, 26, 32, 42]. GTF consists of one
atom of Cr3+ bound to several molecules of niacin and amino
acids found in glutathionine (glutamic acid, glycine and
cysteine). Without Cr3+ at its core, GTF is inactive [15].

Insulin regulates energy production, muscle tissue deposi-
tion, fat metabolism and cholesterol utilization. If due to a
low insulin level, glucose cannot be utilized by body cells, it
is converted into fat and stored in fat cells. Furthermore, if
adequate amino acids cannot enter the cells, muscles cannot
be built [15]. It has been reported that Cr supplementation to

diets of healthy rats [5] and humans [4] improves glucose
tolerance and insulin binding, therefore normalizing blood
glucose levels. Also, dietary Cr supplementation has a posi-
tive effect on growth rate and feed efficiency in poultry [10,
28, 36]. Besides, Chromium plays essential roles for normal
metabolism of carbohydrates, proteins and lipids in human
and livestock [24].

Organic Cr compounds can be absorbed some 20-30 times
more efficiently than inorganic forms [32]. Increasing the
dietary organic Cr concentration from 2.6 to 62.5 ppb increa-
sed liver Cr by 50% in lambs [29]. Recently, a number of
organic Cr preparations were made commercially available
that claimed to protect animals from stress associated with
environmental and management conditions of intensive live-
stock farming. As organic Cr supplements are often highly
concentrated, it is possible to accidentally overdose during
feed preparation and it would be possible for Cr to accumu-
late in final products targeted for human consumption [32]. 

Chromium improves immunity [8, 27] and growth [10]. In
some studies, Cr increased [1] or decreased [17, 19, 31, 33]
serum cholesterol, whereas in some other studies Cr had no
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RÉSUMÉ

Effets d’une supplémentation en Chrome organique sur les caractéris-
tiques de production et sur certains paramètres sanguins chez les cailles
pondeuses. Par A.Ö. YILDIZ, S. S. PARLAT et O. YAZGAN.

Les objectifs de cette étude sont de déterminer les effets d’une supplé-
mentation en Cr organique sur les caractéristiques de productions et sur cer-
tains paramètres sanguins des cailles pondeuses. Des cailles pondeuses
âgées de 45 jours ont été réparties aléatoirement en 5 groupes de 45 oiseaux
chacun. Un mélange de maïs et de soja a été utilisé comme ration de base et
contenait déjà 1268.05 ppb de Cr en absence de toute autre addition. La
ration de base a été supplémentée par 0, 250, 500, 750 et 1000 ppb de Cr
apporté sous forme de picolinate de Cr. Tous les oiseaux ont reçu la nourri-
ture et l’eau ad libitum. La supplémentation en Cr organique a conduit à une
augmentation de la production en œufs et à une amélioration de l’efficacité
alimentaire (P<0.05) d’autant plus marquées que la supplémentation été
importante. Le poids total des œufs ainsi que les poids respectifs du jaune
et de l’albumen ont également augmenté proportionnellement à la supplé-
mentation réalisée en Cr (P<0.05). En revanche, ni le poids, ni l’épaisseur
de la coquille ont été modifiés par le traitement en Cr. En outre, les concen-
trations sériques en glucose et en cholestérol ont diminué alors que les
concentrations en Cr, en insuline et en protéines totales ont augmenté de
façon proportionnelle aux quantités ajoutées de Cr dans la ration (P<0.05).
Ces données montrent qu’une supplémentation en Cr organique entraîne
une augmentation de l’insulinémie et augmente l’efficacité de la ration, et
les caractéristiques de production : production totale des œufs, poids des
œufs, poids de l’albumen et du jaune. 
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SUMMARY

This study was conducted to determine the effects of organic Cr supple-
mentation on production traits and some serum parameters of laying quails.
Fifty-three-days old laying quails were randomly divided into five groups of
45 birds per group. Corn-soybean meal based basal diet without additional
Cr contained 1268.05 ppb Cr. The dietary treatments consisted of the sup-
plementation of the basal diet with 0, 250, 500, 750 and 1000 ppb Cr sup-
plied from Cr picolinate. All birds received feed and water ad libitum.
Increasing organic Cr supplementation resulted in an increase egg produc-
tion and also improved feed conversion ratio (P<0.05). Also egg, yolk and
albumen weights increased linearly by dietary organic Cr inclusions
(P<0.05), but Cr supplementation did not effect eggshell weight and egg-
shell thickness. However, serum glucose and cholesterol concentrations
decreased, while chromium, insulin and total protein concentrations increa-
sed linearly as dietary Cr level increased (P<0.05). These data indicated that
organic Cr supplementation increased performance traits, particularly egg
production and feed conversion ratio, serum insulin concentrations, egg,
yolk and albumen weights of laying quails.
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effect on serum cholesterol concentrations [10, 35, 43]. LIN-
DERMANN et al.[21] and HARPER et al.[13] reported
increases of loin muscle and decreases of backfat of car-
casses at slaughter when organic Cr was fed to pigs. Similar
results were not found when Cr was supplemented from an
inorganic source (CrCl3.6H2O) at levels of 30 and 60 ppb
[30]. But, 20 ppb inorganic Cr supplementation showed
improvements in growth rate and feed efficiency with turkey
poults [41]. WARD et al.[45] reported that organic Cr sup-
plementation at 200 and 400 ppb Cr did not effect weight
gain, feed intake, feed conversion ratio, nitrogen retention or
muscle crude protein or ether extract content of broilers of 3
weeks of age. SAHIN et al.[36] reported that organic Cr sup-
plementation, particularly at 1200 ppb, increased the perfor-
mance criteria, egg quality and serum insulin concentrations
of Japanese quails. Chromium picolinate supplementation
did not affect body weight, feed consumption or feed conver-
sion ratio of broilers during 1-21 days and mortality of broi-
lers was reduced and breast meat yield improved with sup-
plemental Cr at either 300 or 400 ppb [15]. SAHIN et al.[37]
reported that supplemental dietary Cr picolinate increased
yield in laying hens at low temperature. 

Most poultry diets are basically composed of ingredients
from plant origin, which are usually low in Cr [12]. There is
little available information on the effects of organic Cr level
on performance of Japanese quails.

The objective of this study was to assess the effects of
organic Cr supplementation on production traits and some
serum parameters of Japanese quails.

Materials and methods
This experiment was conducted with 225 Japanese quails

(Coturnix coturnix japonica), at fifty three days of age, hou-
sed in cages (25cmx20cmx15cm) in an environmentally-
controlled poultry house (22°C, 70% relative humidity and
16 h of light daily). The birds were randomly divided into
five experiment groups of 45 animals each, and each treat-
ment was replicated fifteen times with three birds per repli-
cate pen. The basal diet (Table I) without additional Cr
contained 1268.05 ppb Cr. The birds were fed a basal diet
containing 18% CP and 2800 kcal ME/kg. The dietary treat-
ments consisted of the supplementation of the basal diet with
0 (Control), 250, 500, 750 and 1000 ppb Cr supplied from Cr
picolinate. The trial was terminated for 60 days. All birds
received feed and water ad libitum.

Body weights were recorded at the beginning and at the
end of the study to determine body weight changes. Feed
intake was measured weekly. Feed conversion ratio was cal-
culated as kg of feed intake for kg of egg production at the
end of the trial. Egg production and egg weights were recor-
ded daily. Egg quality measurements were gathetered every
two weeks. Egg quality parameters were measured eggshell
weight, eggshell thickness, yolk weight and albumen weight.
Eggshell samples were taken from three different locations
and eggshell thickness was determined by using micrometer.
Eggshells were dried at 4°C and weighed. On the last day of
the trial, 15 birds randomly chosen from each treatments and

blood samples were obtained by heart puncture for serum
concentrations of Cr, glucose, cholesterol, insulin and total
protein. Blood serum were separated by centrifugation of
blood at 2000 rpm for 10 min and was then frozen (-20°C)
for analysis. Chromium in serum samples was determined by
atomic absorption spectrophotometry (Model GBC 902).
The basal ration was analyzed for Cr following HNO3 wet
ashing as described by ANDERSON et al. [3] and PIVA et
al. [32]. The Cr content was determined using a sequential
ICP-AES (Varian Vista model). Serum samples were thawed
at 4°C and insulin concentration was determined via
radioimmunoassay method using procedures described by
McMURTRY et al.[25]. Serum glucose, total protein and
cholesterol concentrations were measured using biochemical
analyzer (Olympus 2700 Colorometric method).

Data obtained from the trial were analyzed by a one-way
analysis of variance for the level of supplemental Cr picoli-
nate in the diet. Those response variables resulting in a signi-
ficant F test were further analyzed using Duncan’s multiple
range test [11]. 

Results and discussion
The data on body weight change (BWC), egg production

(EP), feed intake (FI) and feed conversion ratio (FCR) were
shown Table II. Supplementation of Cr from Cr picolinate
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TABLE I.—Composition of the basal diet fed to laying Japanese quails.
*: Provided by per kg of diet: vitamin A, 12 500 IU; vitamin D3, 2500 IU;

vitamin E, 30 mg; vitamin K3, 2 mg; vitamin B1, 2 mg; vitamin B2, 5
mg; niacin, 20 mg; vitamin B6, 3 mg; vitamin B12, 0.015 mg; folic acid,
1 mg; biotin, 0.045 mg; ascorbic acid, 50 mg; apocarotenoic acid ester
0.5 mg; choline chloride, 125 mg; manganese, 80 mg; iron, 60 mg; zinc,
50 mg; copper, 5 mg; cobalt, 0.2 mg; iodine, 1 mg; selenium, 0.10 mg .

**Analyzed
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effected EP and FCR (P<0.05). Increasing supplemental Cr
resulted in an increase EP and also improved FCR as supple-
mental Cr did not effect BWC and FI. There were no signifi-
cant differences in performance parameters between 750 and
1000 ppb supplemental Cr during experimental period. The
effects of Cr picolinate on egg quality and serum parameters
were presented in Table III and IV. Egg, yolk and albumen
weights increased linearly as dietary Cr level increased
(P<0.05), but did not effect eggshell weight and eggshell
thickness. The serum glucose and cholesterol concentrations
decreased, while chromium, insulin and total protein
concentrations increased linearly as dietary Cr level increa-
sed (P<0.05). 

The results of the current study indicate that supplementa-
tion Cr from Cr picolinate of diets containing a basal level of
1268.05 ppb Cr improved the performance variables inclu-
ding egg production, egg weight and feed conversion ratio
without effecting body weight chance and feed intake in
laying Japanese quail. The beneficial effects of Cr supple-
mentation on performance parameters in poultry were well
documented. KIM et al. [16] reported that feeding 800 ppb
Cr from Cr picolinate to laying hen diets resulted in higher
egg production and egg weight to compared with the nega-
tive control group. LIU et al. [22] also reported that Cr fed at
10 ppm level enhanced egg production and egg weight of
layer. In addition, adding of 400 ppb Cr to diet of laying hens
increased egg production [37]. Similar to results of the cur-
rent study, SAHIN et al.[36] reported that organic Cr supple-
mentation, particularly at 1200 ppb level, improved body
weight, feed efficiency, feed consumption and egg produc-
tion of Japanese quail, and 400 ppb of diet Cr picolinate sup-
plementation increased egg production by 11% in laying
hens reared at a low ambient temperature [38]. SAHIN et
al.[39] also reported that Cr supplementation improved the
performance variables including live weight, feed intake,
egg production and feed efficiency as well as egg quality in
laying Japanese quail reared under heat stress condition.
Also, SANDS and SMITH [40] reported that diet supple-
mented with Cr picolinate increased growth rate without

effecting feed intake in broiler. Similarly, STEELE and
ROSEBROUGH [41] found that adding 20 ppm chrome
chloride increased weight gains of turkey poults. In the cur-
rent study, increasing dietary Cr linearly increased the albu-
men and yolk weights as organic Cr supplementation did not
effect the eggshell thickness. The data are in agreement with
the other results obtained in laying Japanese quail [36] and
laying hen [20, 44].

It is known that Cr is involved in protein synthesis, and
there is an interaction of Cr with DNA templates that resul-
ted in a significant stimulation of RNA synthesis. The oligo-
peptide low-molecular-weight Cr-binding protein (chromo-
dulin) tightly binds four chromic ions before the oligopep-
tide obtains a conformation required for binding to the tyro-
sine kinase active site of the insulin receptor. Thus, chromo-
dulin appears to play a role in an autoamplification mecha-

TABLE II.—Effects of supplemental Cr picolinate on body weight change,
egg production, feed intake  and feed conversion ratio of Japanese
quails.

*P<0.05; **kg of feed intake for egg production/kg of egg production; a-d
Within columns, means followed by different letters are significantly
different (P=0.05).

TABLE III.—Effects of supplemental Cr picolinate on some egg quality
parameters of Japanese quails.

P<0.05;a-e Within columns, means followed by different letters are signifi-
cantly different (P=0.05).

TABLE IV.—Effects of supplemental Cr picolinate on some serum parame-
ters of Japanese quails**

*P<0.05  ; **n=15; a-e Within columns, means followed by different letters
are significantly different (P=0.05).
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nism in insulin signaling [39]. ROSEBROUGH and
STEELE [34] have stated Cr as a cofactor for insulin activity
and that it is necessary for normal glucose utilization and
healthy animal growth. Insulin regulates metabolism of car-
bohydrate, fat and protein, stimulating amino acid uptake
and protein synthesis as well as glucose utilization in tissues
[36]. In the current study, serum insulin concentration
increased with increasing supplemental dietary Cr. Similar to
other researches [7, 31, 34, 36], there is a metabolic relation-
ship between insulin and dietary Cr. Also, increasing dietary
Cr linearly increased the serum insulin concentration, indica-
ting chromium’s physiologic role to act as an insulin poten-
tiator. Similar to the results of the present study, SAHIN et
al.[36] and SAHIN et al.[39] found that Cr supplementation
increased serum insulin concentration in laying Japanese
quails reared under heat stress conditions. COLGAN [9] also
considered that Cr is essential for normal glucose metabo-
lism and it is a component of GTF which helps insulin to
move glucose into cells for energy generation. Interestingly,
increases of cholesterol concentration paralleled increases in
serum glucose concentration. Like in our study, SAHIN et
al.[36] found that Cr supplementation markedly decreased
blood glucose and cholesterol concentrations in Japanese
quail and laying hens [44]. Besides, ROSEBROUGH and
STEELE [34] reported that turkeys fed with a diet supple-
mented with Cr had greater liver glycogen levels as a result
of the increased glucose transport by increasing insulin acti-
vity. Similarly, inorganic Cr supplementation increased the
rate of glucose utilization by 16% [10]. Results from the cur-
rent study clearly showed that decreases of serum glucose
concentration depended on increases of serum insulin
concentration. It may indicate that increased glucose utiliza-
tion which results in an improvement in egg production, egg
weight and feed conversion ratio. Also, increasing dietary Cr
linearly increased the total protein serum concentration, and
this result is in agreement with previous results obtained in
laying Japanese quail [36]. 

Conclusion
As a conclusion, supplemental organic Cr from Cr picoli-

nate (750 ppb) might be used in diets of practical laying
Japanese quails for improvement of egg production and feed
conversion ratio. The egg weight, yolk weight and albumen
weight increased by additional Cr on parallel with reduction
of serum glucose and cholesterol concentrations.
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