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ABSTRACT

Chromium bioavailability in animals depends on their species, age and physiological state as
well as fodder composition and Cr source. However, inorganic forms of chromium are poorly
absorbed compared to organic compounds. One hundred and eighty Isa Vedetta chickens were
assigned to 2 groups, with 3 replications of 30 birds each, to determine the effects of different Cr
source on its bioavailability, growth performance and carcass characteristics of broiler chickens.
All chickens were fed with commercial standard concentrate mixtures (starter, grower and fin-
isher) depending on the birds’ age. The dietary treatments consisted of a basal diet supplement-
ed with chromium chloride (control group) or chromium-enriched yeast (experimental group).
The treatments were supplemented with chromium so as to provide the same amount of pure
chromium in both groups. Mortality, body weight and feed conversion rate were measured. On
the 42" day, 6 cockerels and 6 hens from each group were randomly selected, decapitated, blood
samples were taken and carcass composition was determined. The bioavailability of Cr was
evaluated by the level of that trace element in mentioned above soft and hard tissues. Further-
more, dry matter, crude protein and crude fat in muscles were determined and sensory analyses
of quality muscles were carried out. Growth performance, feed conversion ratio and mortality
were unaffected by treatments. There was no Cr source effect on outcomes of post-slaughter
analyses. Cr enriched yeast effected the decrease (P < 0.05) in crude fat and dry matter content
in breast and leg muscles compared to chromium chloride. Inclusion of chromium-enriched yeast
to concentrate mixtures increased (P < 0.01) the level of Cr in analysed tissues, which might be
evidence of its better bioavailability in chickens. It can be assumed that such animal origin
products may be a good source of effectively absorbed Cr in human nutrition.
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INTRODUCTION

Chromium bioavailability in animals depends on their species, age and
physiological state as well as fodder composition and Cr source. Inorganic
forms of chromium are poorly absorbed, for example 0.4-3% of inorganic Cr
salts (>1%) can be absorbed, while the absorption of chromium bound with
organic compounds (brewer’s yeast, picolinate, nicotinate) is distinctly higher
and ranges between 10 and 25% (ANDERSON et al. 1989, BaHrawmi et al. 2012).
Also, the content of Cr and other elements in a diet as well as their mutual
proportions are very important, for instance high levels of sugars, amino ac-
ids and ascorbic acids improve Cr absorption whereas antacids and phytate
reduce Cr content in blood. However, the mechanism of absorption has not
been completely elucidated yet. Chromium is probably transported with
transferrin. Afterwards, Cr proceeds from the intestine to the liver and is
probably built in GTF (Glucose Tolerance Factor). GTF is secreted into blood
serum to enhance insulin activity. This issue is extremely complicated, which
makes interpretation of Cr bioavailability difficult because the metabolism of
minerals in animals is affected by numerous factors (DEr-NaN et al. 2003).

Previous research indicated that chromium is one of the main trace ele-
ments participating in the metabolism of carbohydrates and lipids in both
mammals and birds. Moreover, physiological stress or infections increase Cr
demand as a result of 10- to 300-fold higher chromium loss with urine
(ANDERSON et al. 1989). Therefore, some researchers (K et al. 1996, LiEN
et al. 1999) suggest that Cr supplementation in concentrate mixtures for
chickens in poultry husbandry should become a standard practice. However,
no standard for this element has been established yet. It has been demon-
strated that Cr added to animal fodder shows antistress activity. Chromium
prevents loss of some trace elements, such as Zn, Fe, Cu and Mg, improves
immunity and survival rate of animals, and consequently enhances the effi-
ciency of husbandry (VINCENT 2000, MoHsEN, MEHRAN 2014). The metabolic
role of Cr still awaits complete recognition. A source of chromium often used
in diets is dietary chromium picolinate Cr(pic), — organic chromium in which
this element is bound with picolinate acid and forms chelates. VINCENT (2000)
found a certain risk related to applying this chemical form of Cr in animal
nutrition. Namely, Cr has to be previously reduced from the Cr*® to Cr*® state
to make this element available in an animal’s organism, which precipitates
generation of free radicals.

The aim of this study was to estimate Cr bioavailability of chromium
chloride and chromium-enriched yeast in broiler chickens as well as the ef-
fect of the bioavailability of chromium on chickens’ growth performance and
carcass characteristics.
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MATERIAL AND METHODS

Broiler chickens housing and feeding

The research material consisted of 180 unsexed Isa Vedetta chickens,
which were randomly allocated to 2 treatments with 3 replications per treat-
ment (30 indiv. each). The chickens were kept in boxes (2,5 m?) on dry saw-
dust. The poultry house was fitted with a mechanical ventilation system and
the air exchange rate was adequate. Relative humidity during the experi-
ment ranged from 67 to 77%.

The broilers were fed ad libitum with complete commercial diets: starter -
from day 1 to 21, grower — from day 21 to 35, finisher — from day 35 to 42
of life, and had unlimited access to water. The factor differentiating all mix-
tures was a Cr source in the mineral-vitamin mixtures (premixes): chromium
chloride (control) or chromium-enriched yeast (experimental group).
The commercial mixtures were prepared in accordance with feeding stan-
dards (Poultry Nutrition Standards 1996).

Before commencing the experiment, all feed mixtures were chemically
analysed to determine the content of basic nutrients and mineral compo-
nents, i.e. calcium, sodium and phosphorus, by standard chemical methods
(AOAC 2006), as well as chromium after wet mineralisation of the samples
using a Zeiss AAS-3 spectrometer. The results of the analyses enabled us to
assess the nutritive value of concentrate mixtures for chickens (Table 1).

Measurements of growth performance

On day 21 and 42 of the experiment, the chickens were weighed and the
feed intake quantity as well as mortality were recorded. In this way, the
birds’ body weight and feed conversion rate were measured.

Blood and tissues samples collection

At the end of the experiment, on day 42 of rearing, 12 birds (6 cockerels
and 6 hens) were randomly selected for blood sampling, slaughter and dissec-
tion. Afterwards, carcass yield, gutted carcass weight and the breast and leg
meat yield and wings were measured. Samples of breast and leg muscles,
livers and kidneys and femurs including the joint tissues prepared from the
carcass were analysed. The qualitative parameters were expressed as a per-
centage of the total weight of each carcass.

Chemical analyses

The following parameters were determined in breast and leg muscles:
dry matter, crude protein and crude fat according to standard chemical me-
thods (AOAC 2006). After wet mineralisation of the samples with nitric acid
using a plasma spectrometer with mass detection (Varian ICP-MS instru-
ment), the Cr content was determined in the muscles, liver, kidneys and fe-
mur as well as in the blood serum of birds.
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Table 1
Composition and nutritive value of all-mash mixtures
Ingredient Starter Grower Finisher

Maize (%) 24.75 20.00 30.00
Wheat (%) 35.00 42.00 38.30
Soybean meal (46%) 32.00 29.30 23.50
Dicalcium phosphate (%) 1.700 1.500 1.200
NaCl (%) 0.250 0.250 0.250
Soybean oil (%) 4.000 4.800 5.000
Limestone % 1.300 1.150 0.750
Premix” (%) 1.000" 1.000" 1.000"
Nutritive value

Metabolisable energy (MdJ kg') 12.84 12.88 13.22
Crude protein (g kg™) 220.0 197.5 184.5
Crude fibre (g kg?) 25.00 25.00 25.00
Lysine (g kg) 12.00 11.70 10.50
Methionine (g kg?t) 5.400 5.200 4.800
Methionine + cysteine (g kg!) 9.200 8.800 8.100
Tryptophan (g kg?) 2.500 2.200 2.100
Treonine (g kg?) 7.800 7.300 6.500
Total calcium (g kg) 8.700 8.200 7.000
Available phosphorus (g kg™) 4.600 4.200 3.500
Total sodium (g kg™) 1.600 1.500 1.600
Chromium (mg kg?) 2.780 2.890 2.880

Sensory analysis

The breast and leg muscles were subjected to sensory analyses according
to PN-ISO 6564 (1999), using the multiple comparison method and a 5-grade
scale to evaluate colour, taste, smell, tenderness and juiciness. The sensory
analyses were carried out by a team of 5 scientists from the Department of
Animal Production Technology and Quality Management in Wroclaw Univer-
sity of Environmental and Life Sciences.

Statistical analyses

All data obtained in the experiment were statistically analysed by calcu-
lating arithmetic means, standard deviation (SD) and standard error of
mean (SEM). Significant differences between the treatments were verified
with Student’s ¢-test using Statistica 9.2. software.

All procedures with animals were approved by the II Local Ethics Com-
mission for Experiments on Animals.
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RESULTS AND DISCUSSION

The Cr content in breast and leg muscles as well as in the liver, kidneys
and femur of birds which were given chromium-enriched yeast in a diet was
distinctly (P < 0.01) higher than in chickens which received chromium chlo-
ride (Table 2). This result implicates better bioavailability of the organic

Table 2

Chromium content in some soft tissues, femur (mg kg fresh tissue) and in blood serum
(umol L) of broilers

Ttem Treatments SEM
I — chromium chloride IT - chromium enriched yeast
Breast muscles

x 0.0424 0.082% 0.001

SD 0.005 0.007
Leg muscles

x 0.0604 0.130% 0.001

SD 0.002 0.004
Liver

x 0.1824 0.3738 0.001

SD 0.002 0.005
Kidneys

x 0.056% 0.081% 0.002

SD 0.007 0.006
Femur

x 0.1084 0.338% 0.002

SD 0.026 0.073
Blood serum

x 0.0124 0.008% 0.000

SD 0.002 0.002

A, B —values in rows with different letters differ highly significantly (P < 0.01), X — mean values,
SEM - standard error of the mean

form of chromium. However, the content of this element in the blood serum
of birds whose concentrate mixture was supplemented with chromium-
-enriched yeast decreased clearly (P < 0.01). The three-fold higher Cr content
in the femurs of birds that received chromium-enriched yeast in diets than
in those of chickens whose mixture was supplemented with chromium chlo-
ride might be indicative of better bioavailability of the organic source of
chromium than the inorganic one (Table 2).

Research on animals has confirmed that Cr from organic complexes is ab-
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sorbed more efficiently, about 25-30%, than from inorganic salts, about 1-3%
(TocHyANI et al. 2008). Better bioavailability of organic chromium is confirmed
by findings obtained in the present study, where the chromium content in some
soft tissues and femurs was analysed, and these are in accord with results re-
ported by ANDERSON et al. (1989) from a study carried out on 33- week-old tur-
keys that received 25, 100, 200 ppb chromium picolinate, which increased the
Cr content in breast and leg muscles, liver and kidneys. Saikar et al. (2008)
showed that live weight gain, feed efficiency, energy and protein utilisation ef-
ficiency and efficiency of the conversion of feed protein to muscle protein in-
creased with Cr®* supplementation. The chromium content in tissues is directly
proportional to the content this element in feed. Whereas OLSEN et al. (1996)
showed that an increase in dietary Cr content from 2.6 to 62.5 pg kg* DM in
lambs’ diet positively affected the chromium concentration in the liver, the Cr
content in skeletal muscles remained on the same level. On the other hand
Awmartya et al. (2004) noted that chromium-enriched yeast added to concentrate
mixtures for broilers decreased the Cr content in the liver compared to the liver
of birds that received chromium as potassium chromate or chromium chloride.
The knowledge on chromium absorption, retention and metabolism is rather
limited. According to American standards, Cr absorption is low and ranges be-
tween 0.5% and 2.8% in humans and rats, but the mechanism of its absorption
has not been completely elucidated yet. The Cr content in blood serum is not a
reliable indicator of chromium bioavailability in animals and it is not correlated
to the level of this trace element in tissues. This may underlie the lower chro-
mium content in chickens’ blood serum determined in the current experiment.

Better bioavailability of organic chromium affects the chemical composi-
tion of meat, especially crude fat. The lower (P < 0.05) dry matter content
and slightly lower crude protein content in breast muscles were noted in
broilers that received chromium-enriched yeast in mixtures. Chromium-
-enriched yeast added to a diet decreased (P < 0.05) the crude fat content in
breast muscles. Inclusion of organic Cr to chickens’ diets slightly reduced the
dry matter content in leg muscles compared with control birds (Table 3).
The crude protein content in leg muscles did not depend on the source of Cr
in concentrate mixture for chickens, while the crude fat content in these
muscles of the birds that received chromium-enriched yeast was lower
(P < 0.05) than in birds from the control group (chromium chloride) — Table 3.
WaRD et al. (1993), and Kim et al. (1996) also reported that chromium-en-
riched yeast added to concentrate mixture for chickens reduced the fat con-
tent in breast muscles. Also SuksoMBAT and KANCHANATAWEE (2005) in their
experiment on broiler chickens showed that supplementation of organic
chromium reduced (P < 0.05) the breast meat fat content but increased the
breast meat protein content. On the other hand, KroLiczeEwska et al. (2005),
who tested supplementation of concentrate mixture for chickens with various
levels of chromium-enriched yeast (300 and 500 pg Cr kg'), demonstrated
that the dry matter and protein content in breast muscles did not depend on
the amount of chromium administered in concentrate mixtures, while the fat
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Table 3
Chemical composition of muscles (%)
Ltem Treatments SEM
I — chromium chloride II - chromium enriched yeast
Breast muscles
Dry matter
x 28.16° 26.15 0:020
SD 1.170 0.500
Crude protein
x 22.01 21.86 0.010
SD 0.240 0.580
Crude fat
x 3.260° 2.390° 0.020
SD 1.590 0.150
Leg muscles
Dry matter
X 27.13 26.47 0010
SD 0.320 0.320
Crude protein
x 17.60 17.46 0.010
SD 0.370 0.200
Crude fat
x 8.050 6.890° 0.010
SD 0.720 0.470

a, b — values in rows with different letters differ significantly (P < 0.05), x — mean values,
SEM - standard error of the mean

content was reduced in birds that received organic chromium in an amount
of 300 pg Cr kg'. In contrast, LiEN et al. (1999) performed an experiment on
broiler chickens fed with concentrate mixtures including 0, 200, 400 and
800 ppb chromium picolinate and did not note any significant differences in
meat composition. Likewise, the data obtained by Huanag et al. (2015) showed
that Cr contained in concentrate mixture did not affect (P > 0.45) the live
body weight or the percentage of breast muscle or thigh muscle, although it
had some influence on dressing percentage and percentage of abdominal fat.

The decrease of crude fat content, found in our experiment, could be in-
duced by the rise of insulin activity under the influence of chromium and
suppressed lipogenesis in chickens’ tissues (KM et al. 1996, ANDERSON et al.
1989). Insulin enhances protein formation but the data obtained in our trials
did not give any evidence for such a process (slightly decreased crude protein
content both in breast and leg muscles was noted).
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Table 4
Sensory evaluation of chicken meat (pts)
Treatments
Ttem - : : -
I — chromium chloride II — chromium enriched yeast SEM
Breast meat
Colour
x 4.400 4.400 0.120
SD 0.390 0.660
Taste
x 4.620 4.350 0.080
SD 0.360 0.530
Flavour
x 4.290 4.350 0.100
SD 0.340 0.630
Tenderness
x 4.530 4.640 0.070
SD 0.380 0.350
Juiciness
x 4.420 4.400 0.140
SD 0.380 0.390
Total note
x 4.490 4.430 0.140
SD 0.240 0.680
Leg meat
Colour
x 4.250 4.230 0.110
SD 0.590 0.370
Taste
x 4.300 4.450 0.080
SD 0.330 0.370
Flavour
x 4.390 4.440 0.080
SD 0.390 0.110
Tenderness
x 4.510 4.680 0.040
SD 0.390 0.340
Juiciness
x 4.500 4.530 0.080
SD 0.390 0.350
Total note
x 4.360 4.500 0.030
SD 0.210 0.050

x — mean values; SEM — standard error of the mean
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Sensory evaluation of breast muscles (Table 4) indicated that applied in
own researches Cr source did not effect on its quality. Slightly better taste
and juiciness were assessed in the breast meat of birds that received Cr as
chloride, while the inclusion of chromium-enriched yeast to mixture led to
the meat having better flavour and tenderness. Leg meat of the birds that
received the organic source of chromium, i.e. Cr-enriched yeast, was charac-
terised by better flavour, tenderness, juiciness and a higher total score than
meat of the control group chicken (chromium chloride). Similar dependence
was demonstrated by KroLiczEwska et al. (2005), although the values they
obtained were significantly lower than ours. Also, AMATYA et al. (2004)
demonstrated a positive effect of chromium-enriched yeast added to concen-
trate mixture for broilers on the sensory evaluation of chicken meat, whereas
chromium picolinate in amounts of 200, 400 and 800 ppb did not affect the
colour of meat.

No effect of better chromium bioavailability on chickens’ performance
was demonstrated in this study. On 21 and 42 day of the experiment, the
body weight of chickens, regardless of their diet, was similar. The feed con-
version ratio on day 21 was the same in both groups (1.33 kg), whereas on
day 42 this ratio was lower in the birds that received chromium-enriched
yeast in premix, yet the differences were not statistically confirmed. A 20%
increase in mortality of broilers was noted in the group receiving chromi-
um-enriched yeast compared to the group of birds fed mixtures supplement-
ed with chromium chloride. The form of chromium applied in broilers’ mix-
tures did not affect the broilers’ body weight prior to slaughter, gutted
carcass weight or carcass yield, which were similar in both treatments. Wing
yield was slightly higher in birds that received chromium-enriched yeast in
concentrate mixture although the differences were not statistically confirmed
(Table 5).

Likewise, MoEINI et al. (2011) and AMaTYA et al. (2004) did not note sig-
nificant differences in body weight gains or feed conversion between broilers
fed on a diet supplemented with Cr supplement and birds receiving a diet
without Cr additive. Also, KrROLICZEWSKA et al. (2005) stated that chromium-
-enriched yeast added to concentrate mixture for broiler chickens in amounts
of 300 and 500 pg Cr kg! did not affect breast and leg meat yield, while the
birds that received this trace element in an amount of 500 pg
Cr kg! showed higher (P < 0.05) carcass yield. On the other hand, some
authors (TocHyANI et al. 2012, Huanag et al. 2015) demonstrated experimen-
tally that Cr addition to diet, regardless to its form, positively influenced
broilers’ growth performance and carcass traits. AMATYA et al. (2004) admini-
stered chromium-enriched yeast in a dose of 0.2 ug kg of concentrate mix-
ture fed to broiler chickens and consequently found higher breast meat yield
and higher (P < 0.05) carcass yield than in birds that received inorganic
chromium as chromium chloride or potassium chromate.
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Table 5
Broiler chickens’ growth performance and carcass traits
Treatments
Ttem
I — chromium chloride II — chromium enriched yeast SEM
Growth performance
Body weight (g)
d 21
— 1.090
x 732.0 737.0
SD 52.10 39.80
d 42~
x 2538 2548 12.50
SD 242.5 217.0
Feed conversion (kg kg! b.w.)
d 1%t to 21
x 1.330 1.330 0.010
SD 0.150 0.110
d 22 to 420
x 2.020 1.970
SD 0.230 0.260 0.070
Mortality 4.440 5.560
Carcass traits
Body weight prior to killing (g)
x 2570 2551 14.98
SD 232.0 208.0
Gutted carcass weight (g)
x 1893 1909 23.54
SD 309.0 320.0
Carcass yield (%)
x 73.29 74.51
SD 6.270 8.820
X 0.410
Meat yield (%)
Breast
x 22.32 21.63
SD 2.670 3.790 0.330
Legs
x 33.94 34.09
SD 5.280 4.040 0.120
Wings yield (%)
x 10.21 10.62
SD 0.570 0.480 0.040

X — mean values; SEM — standard error of the mean
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CONCLUSIONS

Higher chromium content in breast and leg muscles, liver, kidneys and
femur was determined in chickens that received chromium-enriched yeast in
a feeding mixture. This is evidence of better bioavailability of the organic
form of chromium in broilers’ nutrition and the finding may lead to a possi-
ble increase in the chromium content increase in animal origin products,
which can become good sources of chromium in human diet. In out experi-
mental setup, supplementation of turkey broilers’ diet with organic chro-
mium did not enhance production performance of the birds not the carcass
traits, but the tested diet might be implemented in order to produce lean
meat, which is highly desirable in human nutrition.
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