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ABSTRACT

An animal model study was undertaken in order to determine the effect of modifying diet composition and its supplementation with calcium,
magnesium, zinc and chromium on protein metabolism. The study was conducted on 36 female rats aged 5–6 months, kept in individual cages
Group I received basal feed mixture, Groups II and III – modified feed mixture. For drinking the animals from Groups I and II received tap water,
Group III – an aqueous solution of mineral components (270 mg Ca2+; 60 mg Mg2+; 3.96 mg Zn2+ and 0.726 mg Cr3+ per 1 kg of feed mixture).

Diet, in which whole grains of cereals were substituted for wheat flour and saccharose and supplemented with Ca, Mg, Zn and Cr, caused a
reduced intake of feed and proteins, which could be the reason of lower protein content in muscles of the animals. Modification of diet
composition affected the increase in the concentration of α1-globulins in blood, which might indicate an ongoing inflammatory process, whilst
the supplementation with mineral components made no difference in this respect. The supplementation with Ca, Mg, Zn, Cr did not restore the
values of selected markers of protein metabolism determined in plasma of the animals fed the modified feed mixtures to the levels noted in the
animals receiving basal diet.

Key words: Female rats, mineral supplementation, protein metabolism.

INTRODUCTION

During the last few years a big interest in diet supplements containing such ingredients as calcium, magnesium, zinc and
chromium, which take essential part in metabolism of carbohydrates and lipids, has been observed. These supplements are now
widely advertised especially as preparations, which are supposed to assist people with diabetes in glycaemia regulation and
make losing weight easier by influencing lower food consumption and intensification of metabolic processes [2, 26, 34].
Application of nutritive components supplements creates a risk of antagonistic interaction between respective elements like:
calcium to zinc, and zinc and chromium to magnesium21]. And what is more, the level of absorption of Ca, Mg, and Zn (25–
75%) from alimentary tract is higher than that of Cr (<25%) [9]. Disproportion in consumption and absorption may result in
changes of mineral concentration both in organism and its functioning. The results of the research concerning justification of
applying the supplements to men and animals are not univocal.

The assumption of this research was based on findings achieved by Friedrich and Sawicka [11] in a study with model animals as
to the effect of diet composition modification and its supplementation with calcium, magnesium, zinc and chromium on the anti-
oxidative status, which demonstrated the enhancement of free-radical reactions in animals supplemented with the above-
mentioned elements Friedrich and Serwotka [12] demonstrated also that in the case of female rats a change in diet composition
and its supplementation with calcium, magnesium, zinc and chromium resulted in a decreased feed intake, which was
accompanied by increased body weight gains, significantly increased accumulation of peripheral-organ fatty tissue, and changes
in its fatty acids composition.



As to the protein metabolism, calcium has influence on synthesis and antibodies release, on building and regulatory protein [40],
magnesium takes part, among others, in amino acid metabolism into active forms and their aggregation with t-RNA, zinc (Zn)
plays an important role in many metabolic processes, such as DNA, RNA, and protein synthesis [6], whereas chromium
influences incorporation of amino acids into heart proteins and their uptake by tissue in rats [5].

This is the reason why it should be checked on the animal model whether under the changed diet content, in which full
components (full wheat and corn grains) are isocalorifically exchanged for white flour and saccharose and its supplementation
with calcium, magnesium, zinc and chromium, there are changes in protein metabolism in rats.

MATERIALS AND METHODS

Upon the approval of the Local Ethical Commission (Approval no 7/2005), the study was conducted on 36 female rats of
SPRD/MolLod strain, aged 5-6 months with initial body mass of 219.2 ±13.2 g, kept in individual cages. Rats were obtained
from the animal husbandry of Chair and Department of Toxicology, Poznań University of Medical Sciences, Poland. After one-
week conditioning under vivarium conditions (temp. 21–22°C, relative air humidity 55–60%, light/dark cycle 12/12 h), the
animals were divided into three equal groups (n=12) that were fed ad libitum with pelleted feed mixtures produced from the
same components, except for the differentiating ones, by the Feed Mixtures and Concentrates Production Plant in Kcynia.
Group I received basal feed mixture (Labofeed B), that met the requirements stipulated for Reeves et al. [28] and contained
whole grains of wheat and maize. Groups II and III were administered a modified feed mixture in which 83.5% of wheat present
in the basal diet was substituted for wheat flour (type 500) and 50% of maize – for saccharose (Table 1).

Table 1. Component composition of compound feeding stuffs used in the experiment

Item Basic fodder Modified fodder
Ingredients [%]

wheat 36.4 6
corn grain 20 10
wheat bran 20 20
dry whey 3.0 3.0
fodder salt 0.3 0.3

soy-bean grain 48% 17 17
fodder chalk 1.5 1.5

phosphate 2-CA 0.8 0.8
premix LRM 1 1

wheat flour (type 500) – 30.4
saccharose – 10

Nutrient composition [%]
total protein 18.1 17.7

crude fat 2.1 2.2
total carbohydrates 
within crude fiber 

within digested carbohydrates

65.80
2.91
62.90

66.10
2.73
63.40

total ash 6.1 5.7
dry matter 92.1 91.7

Brutto energy 
[kcal × g-1]

[kJ×g-1]
3.83
16.0

3.84
16.1

Metabolic energy
[kcal × g-1]

[kJ×g-1]
3.43
14.3

3.44
14.4

The contribution of other components in feed mixtures was identical. The substitution of dietary components made while
composing the modified feed mixture was aimed at mirroring, to some extent, contemporarily observed nutritional mistakes in
humans i.e. increasing contribution of saccharose in the calorific value of a food ration and increased contents of refined
carbohydrates in diet. The prepared feed mixtures were subjected to a chemical analysis to determine the contents of total
nitrogen (with Kjeldahl’s method) expressed per protein content, crude fat (with Soxhlet’s method), dry matter (with gravimetric
method), and ash (with gravimetric method) [4]. The crude fiber content was determined as well (in an ANKOM 220
apparatus) at the Research Institute of Animal Production National Laboratory for Feedingstuffs (PB-02/PS). The content of
carbohydrates was calculated from a difference between dry matter and the sum of other solid dietary components. The gross
and metabolic energy contents were calculated with the generally applied energy equivalents [10]. The feeds mixtures were
prepared maintaining the isocalorifical and isoprotein balance (Table 1).

The content of Ca, Mg, Zn (Table 2) in mixtures were assayed on Atomic Absorption Spectrometry methods at the Research
Institute of Animal Production National Laboratory for Feedingstuffs [25], while Cr was assayed by wet digestion in



concentrated HNO3 in microwave oven MDS 2000 and determined by using atomic emission spectrometry induction coupled
plasma (ICP-AES) in the apparatus Jobin Yvan JY-24 type.

Table 2. Contents of selected minerals in 100 g diet

Trait Basic
fodder

Modified
fodder

Minerals content difference
[%]

Calcium [mg·100 g feed] 1370 1280 90 6.6
Magnesium [mg·100 g feed] 200 180 20 10.0

Zinc [mg·100 g feed] 10.3 8.98 1.32 12.8
Chromium [mg·100 g feed] 0.451 0.209 0.242 53.7

For drinking, the animals from Groups I and II were receiving settled tap water. In turn, rats from Group III, in the period of
enhanced activity, were administered 50 cm3 of an aqueous solution of mineral components. Doses of the administered
components (270 mg Ca2+; 60 mg Mg2+; 3.96 mg Zn2+ and 0.726 mg Cr3+ per 1 kg of feed mixture), calculated in respect of
daily feed intake by animals, exceeded three times the difference between contents of those components in the basal diet and the
modified feed mixture (Table 2), which to some extent simulated the mode of supplementation in humans. The minerals used in
the study originated from commercially-available pharmaceutical preparations: calcium dobesilate, magnesium
hydroaspartate, chromium polynicotinate, zinc gluconate . Once the solution of minerals was administered, the animals were
provided with pure, settled tap water. After one-week conditioning period, the experiment spanned for 6 weeks during which
feed intake in all groups as well as minerals intake in the supplemented group were monitored systematically.

Body weight of the animals was measured once a week. The animals were fasted 12 h before the end of the experiment. Next,
they were anaesthetized with Ketanest (Pfizer Ireland Pharmaceuticals) and blood samples were collected from their hearts.
Having centrifuged the coagulate, the resultant blood serum was determined for concentration of total protein with the buret
method [29] using a Marcel Media Bio spectrophotometer; concentrations of protein fractions (albumins, α1-, α2-, β- and γ-
globulins) with the method of electrophoretic separation in chambers on agarose gel by Cormay Diagnostics and the read out
made with DT-93 densitometer (Cormay); concentration of urea and creatinine with the kinetic method using bio-tests by
BioSystems company onto a Marcel Media Bio spectrophotometer; activity of asparagine aminotransferase AST EC 2.6.1.2),
alanine aminotransferase (ALT EC. 2.6.1.1) and γ-glutamyltranspeptidase (γ-GT, EC 2.3.2.2) with the kinetic method using
biotests by BioSystems onto a Marcel Media Bio spectrophotometer. The prepared muscles (m. quadriceps femoris, m.
semimembranosus, m. adduktor femoris, m. superficialis gluteus)and livers of the animals were assayed for the content of
total protein with the Kiejdahl’s method [4], on a Kjeltec 2100 apparatus by Foss Tecator and fat with Soxhlet method on
Soxtec HT6 Foss Tecator apparatus.

The feed conversion ratio (FRC) was calculated as total amount of feed fed during the period of 42 days by rats divided by total
weight gain. The protein efficiency ratio (PER) was calculated as weight gain over a period of 42 days divided by protein
consumed [33]. The food conversion efficiency (FCE) defined as body-weight gain x 100/food intake were calculated
according to the methods described by Johnson and Gee [16]. Results are shown as means ± standard deviation. Statistical
significance was done by one-way analysis of variance (ANOVA) using the Statistica 9.0. When the ANOVA indicated
significant difference among the means, the differences were further evaluated using the Duncan’s multiple range tests. The
difference was considered significant when p≤0.05 and p≤0.01 [35].

RESULTS

The analysis of the effect of the changes in diet composition and its supplementation with selected minerals on the feed intake
demonstrated the lowest feed intake in the group of animals supplemented with minerals (Table 3). The values reported for that
group were statistically significantly lower than those noted in the group fed the basal diet. The observed differences in feed
intake were also reflected in a significantly lower protein intake However, one ascertained higher value of PER coefficient which
indicates that protein sources in the diet could better provide essential amino acid requirement of the animals, had better nutrition
value and were better utilized. The animals from groups fed the modified feed mixtures were, in contrast, characterized by
greater body weight gains, when expressed per 100 g of ingested feed mixture, but still statistically significant differences were
observed only between the groups fed the basal diet and the non-supplemented modified feed mixture. No difference was
observed in the value of FRC.

Table 3. Effects of diet composition and minerals (Ca, Mg, Zn, Cr) supplementation on fodder and protein consumption,
body weight gain and protein content in muscles and liver at female rats (x ±SD, n=36)

Trait Basic fodder Modified fodder (Mf) Mf + supplement.
Feed consumption [g] 711.0a ± 69.6 672.0ab ± 46.9 661.0b ± 46.8
Feed consumption 

[g × g body weight-1] 2.70A ± 0.19 2.59AB ± 0.11 2.52B ± 0.08

Feed consumption[g × 24h-1] 16.9a ± 1.7 16.0ab ± 1.1 15.7b ± 1.1
Total calcium intake [mg × 24h-1] 225.3B ± 22.0 204.7C ± 14.3 243.8A ± 17.3

Total magnesium intake [mg × 24h-1] 33.9B ± 3.3 28.8C ± 2.0 37.7A ± 2.7



Total zinc intake [mg × 24h-1] 1.73Ba ± 0.2 1.44Bb ± 0.1 7.6A ± 0.5
Total chromium intake [mg × 24h-1] 0.076B ± 0.007 0.033C ± 0.002 0.15A ± 0.01

FRC
[g feed consumed × g live weight gain-1]

2.67 ± 0.30 2.59 ± 0.23 2.54 ± 0.28

FCE 
[g body weight gain ·100 g feed-1] 4.75b ± 1.3 5.88a± 1.2 5.39ab ± 1.4

Protein consumption
[g·100 g body weight-1] 48.8A ± 3.5 46.8AB ± 1.9 45.5B ± 1.5

PER
[g weight gain × g protein consumed-1] 2.63b ± 0.7 3.32a± 0.7 3.04ab ± 0.8

Protein [%] 
Muscle
Liver

22.1A ± 0.5 
18.2 ± 0.6

21.1Ba ± 0.3 
18.1 ± 0.4

20.8Bb ± 0.3 
18.4 ± 0.7

ABC – Mean values marked by different capital letters differ significantly at p =0.01
ab – Mean values marked by different small letters differ significantly at p =0.05.

In the process of analyzing the achieved results a significantly lower protein content was noted in muscles of the rats fed the non-
supplemented modified feed mixture compared to those fed the basal diet and the applied supplementation with selected mineral
components even intensified this effect (Table 3). The content of protein in liver of the investigated animals was alike and
comparable in all feeding groups.

The modification of diet composition was found to trigger an increase in glucose concentration in blood serum of the animals, the
changes were however not statistically significant (Table 4). In contrast, significant in this respect turned out to be the effect of
the applied minerals. The animals receiving the supplemented feed mixtures were characterized by a lower concentration of
glucose in blood serum as compared to those fed the non-supplemented modified feed mixture. This concentration was
comparable to that determined for the rats fed the basal diet. The applied change in diet composition, despite no significant effect
on the concentration of total protein, caused a significant increase in the concentration of α1-globulins, which remained
unaffected by the applied supplementation with Ca, Mg, Zn and Cr (Table 4).

Table 4. Effects of diet composition and minerals supplementation (Ca, Mg, Zn, Cr) on serum concentration of glucose
and chosen indicators of protein transmutation at female rats (x ±SD, n=36)

Trait Basic fodder Modified fodder (Mf) Mf 
+ supplement.

Glucose [mmol × l-1] 6.89ab ± 1.2 7.94a ± 2.0 6.57b± 2.5
Total protein [g × l-1] 62.5 ± 3.4 65.4 ± 4.2 62.9 ± 6.8

Albumin 
[g × l-1]

 [%]
29.7 ± 1.9 
48.0 ± 2.0

30.9 ± 2.2 
47.3 ± 2.3

29.1 ± 3.0
47.4 ± 3.1

α1-globulin 
[g × l-1]

 [%]
10.9B ± 0.7 
17.6B ± 1.0

12.8A ± 1.3
19.5A ± 1.3

12.2A ± 0.6 
20.0A ± 0.6

α2-globulin 
[g × l-1]

 [%]
2.9 ± 0.3
 4.7 ± 0.6

3.1 ± 0.9
 4.8 ± 1.1

2.8 ± 0.3 
4.6 ± 0.4

β-globulin 
[g×l-1]
 [%]

10.9 ± 1.6
 17.5 ± 2.5

11.5 ± 1.1 
17.5 ± 1.2

10.4 ± 1.1
17.0 ± 1.8

γ-globulin 
[g × l-1]

[%]
7.0 ± 0.7
11.4 ± 1.0

7.2 ± 0.9
 11.0 ± 1.3

6.8 ± 0.8 
11.0 ± 1.2

Albumin/Globulin Ratio 0.93 ± 0.1 0.90 ± 0.1 0.91 ± 0.1
g-GT [U × l-1] 11.0b ± 3.2 10.4b ± 2.2 14.5a ± 5.9
AST [U × l-1] 48.1Bc ± 4.0 57.6b ± 8.2 66.6Aa ± 12.6
ALT [U × l-1] 27.7a ± 7.6 21.8Bb ± 4.8 30.4A± 7.4

Urea [µmol × l-1] 7.66A ± 0.9 3.49C ± 0.5 5.92B ± 1.0
Creatinine [µmol × l-1] 71.2ab ± 2.9 69.1b ± 4.5 73.6a ± 2.5

ABC – Mean values marked by different capital letters differ significantly at p ≤0.01
abc – Mean values marked by different small letters differ significantly at p ≤0.05.

Furthermore, the modification of diet composition was observed to influence an increase in the activity of asparagine



aminotransferase, a decrease in the activity of alanine aminotransferase, and a decrease in urea concentration in blood serum of
the rats examined (Table 4). In turn, the supplementation of this diet with selected minerals evoked the enhancement in the
activities of γ-glutamyltranspeptidase, asparagine and alanine aminotransferase as well as increase in the concentrations of urea
and creatinine in blood serum of the animals under research (Table 4).

DISCUSSION

The analysis of the results achieved demonstrated that the applied experimental factors, through their impact on feed intake,
affected a decreased protein intake by the animals fed the modified feed mixtures. Taking into consideration physiological
mechanisms regulating food intake, it is known that one of many factors having influence on the amount of taken feed by animals
is its energy value [1]. In the conducted experiment the animals received at libitum isocalorific feed and the mineral ingredients
added to drinking water did not change the energy value of the feed which eliminated influence of this factor on the amount of
taken feed. Increased intake of the feed by animals from the group under research can be explained by rats ability to
compensate lower nutritive density of this diet [31] being the result of higher inclusion of raw fiber in this feed in comparison to
modified feed.

As the result of lower protein consumption in feed a lower content of protein in animals’ muscles in the animals fed with modified
feed with or without supplements could be observed in order to maintain protein homeostasis in liver and blood plasma. In the
case of non-supplemented modified feed mixture, this effect could be ascribed to a lower content of zinc in the modified feed
mixtures containing wheat flour and saccharose characterized by a lower content of zinc compared to that of the constituents
removed from the feed. As demonstrated by Roth [30], a lower zinc supply in diet was accompanied by a lower intake of feed
and protein by experimental rats, but also by the enhanced activity of ALT in plasma, which indicated an increased rate of
transamination of amino acids originating from both feed protein and endogenous protein, in the liver. Many investigations have
demonstrated suppressed synthesis of proteins, assayed in vivo or in vitro, in liver, muscles, thymus or bones of rats as effect
by zinc deficiency in diet. Taking into account that amongst the supplemented minerals, zinc is the key component of the effective
protein utilization from diet, improvement could be expected in this respect in the supplemented animals. However, the
simultaneous supplementation with calcium could have affected the reduced absorption of zinc.

Under conditions of sufficient protein intake, enhancement may be observed in the metabolism of amino acids in liver, which
causes an increase in the urea concentration in blood plasma of animals. However, with a lower protein intake, the organism is
maintaining a protein homeostasis in blood and liver, compensating its deficits with suppressed synthesis of muscle protein or
enhanced degradation of endogenous protein originating from muscles. It may, therefore, be supposed that in the reported study
the enhanced degradation of systemic proteins proceeded in the animals fed the non-supplemented modified feed mixture, which
was indicated by the decreased activity of ALT, the increased activity of AST, and by a lower concentration of urea in blood
serum. Amino acids released in the process of muscle proteins proteolysis are transported to liver and metabolized therein. Their
carbon chains are utilized for the synthesis of glucose or are included into the Krebs’ cycle, while the amine residues serve for
the synthesis of endogenous amino acids that maintain the protein homeostasis in blood plasma. The reduced activity of alanine
aminotransferase may additionally be explained by suppressed gluconeogenesis. Alanine aminotransferase is an enzyme that
participates in the metabolism of nitrogen and amino acids as well as gluconeogenesis [39]. Its major role is the conversion of
alanine to glucose, and because the modified diet provided a significant content of glucose and affected a lower protein intake
than in the group fed the basal diet, it diminished both urea synthesis and ALT activity in blood of this group of animals. The
increased activity of AST which role is to catalyze the transfer of amine groups from any amino acid onto keto-acid, points to
the enhanced catabolism of protein confirmed in this study by a significant decrease in protein content of muscles of the animals
administered the modified feed mixtures.

The supplementation of the modified diet with Ca, Mg, Zn and Cr caused an increase in the concentration of urea as well as in
activities of ALT, AST and γ-GT at the significantly lower protein intake by the animals from that group. The values of those
parameters determined in the supplemented animals were, however, not comparable with the values noted in the control animals,
and indicated the enhancement of systemic proteins degradation as well as increased metabolic rate in the case of intermediate
products of this process.

The rate of glucose absorption from blood by particular tissues varies; i.e. being faster and independent of insulin concentration
when absorbed by cells of liver, brain, pancreas, adrenal glands and by erythrocytes and slower, insulin-dependent when
absorbed by cells of skeletal muscles and fatty tissue. Insulin increases the supply of substrate, thus stimulating the transport of
glucose and amino acids to cell nucleus and facilities their intracellular utilization. Under physiological conditions, a factor
stimulating insulin secretion is an increased supply of both glucose as well as amino acids, arginine, leucine, lysine and
phenylalanine in particular [22], and the reduced intake of protein by the animals fed the supplemented modified feed mixture
could affect its secretion to a lesser extent. In contrast, it may be presumed that the feed mixture modified through saccharose
inclusion affected a greater increase in serum level of glucose than the basal diet, and that insulin secreted in response to the
increased concentration of glucose in blood, might stimulate the secretion of catabolic glycocorticoids [18 37]. Under
physiological conditions, glycocorticoids affect directly the reversible inhibition of insulin secretion in β-cells of pancreas [8]. In
the case of rodents, this phenomenon is facilitated by local activation of the inactive form of dehydrocorticosterone to active
corticosterone mediated by 11β-hydroxysteroid dehydrogenase (11β-HSD) [23], whose increased concentration in rats fed
modified diet with a similar composition and supplemented with Ca, Mg, Zn and Cr for 6 weeks of experiment was
demonstrated by Podlaszewska et al. [24]. Such an effect of supplementation ought to influence the increase in glucose
concentration in blood serum, which was not observed in the reported study, but – as demonstrated by Ortsäter et al. [23] – the



longstanding increase in corticosterone concentration may induce the compensative increase of insulin secretion from β-cells of
pancreas and thus reduce glucose concentration in blood. The lower plasma level of glucose in the case of the supplemented
animals might have also been due to the supplemented chromium which is a constituent of a glucose tolerance factor (GTF) [19]
and facilitates the action of insulin by increasing the number and activating receptors for insulin [38]. In addition, chromium
affects the expression of a glucose transport system located in the skeletal muscles and adipocytes (GLUT4 – glucose
transporter). These are the mechanisms by means of which this element improves concentration of carbohydrate metabolism
markers in blood of rats [32]. Studies have shown that supplementation with chromium evokes a decrease not only in the
concentration of parameters of carbohydrate metabolism and lipid metabolism, but also in the activity of AST and ALT even in
rats with pharmacologically-induced type 1 [20] or type 2 diabetes [7], characterized by the elevated concentrations of AST
and ALT. Despite such an effect of chromium, in the reported experiment, the activities of both enzymes were observed to
increase in blood of the supplemented animals. Perhaps, this was due to reduced chromium absorption as a result of the
reported lower intake of protein by the animals from that group, for the availability of this component depends on the
simultaneous presence of amino acids [3]. Chromium absorption could as well be diminished by both the presence of simple
carbohydrates in the modified feed mixture [14] and the applied supplementation with zinc, the retention of which could
additionally be enhanced by the simultaneous long-term supplementation with magnesium 17] as well as lower content of raw
fiber in the modified feed.

The conducted study demonstrated also significant increase in the concentration of α1-globulins in blood of the rats fed the
modified feed mixtures, both supplemented and non-supplemented ones, as compared to the animals fed the control diet. The
increased concentration of α1-globulins in blood may be indicative of the proceeding inflammatory state, because the selected
proteins of this fraction are secreted in order to inhibit proteolytic processes ongoing in muscle proteins. Anti-proteases restrict
the dissemination of the acute inflammatory state by bonding into complexes with elastase which originates from neutrophil
granulocytes and stimulate the secretion of pro-inflammatory cytokines. Intensifying effect of a high-saccharose or high-fructose
diet poor in magnesium, which was also depleted in the modified feed mixtures used in our study on the symptoms of
inflammatory processes in animals is also known. This effect is also explained by the enhancement of free-radical reactions by
such a diet [15, 27]. The observed statistically significant increase in the activity of γ-GT in blood of the animals fed the
supplemented modified feed mixture may also indicate a progressing inflammatory state in liver. The increased activity of γ-GT is
additionally an independent predictor of impaired glucose intolerance, and is also correlated with type 2 diabetes, insulin
resistance, liver steatosis and other factors of the metabolic syndrome [13, 36]. However, answering the question whether the
applied supplementation of the modified diet with calcium, magnesium, zinc and chromium indeed intensifies the pro-
inflammatory processes requires further extended research on markers of the pro-inflammatory processes.

In summary, it may be concluded that the modified feed mixtures administered to female rats over the 6-week experimental
period caused the enhancement of catabolic processes in terms of protein metabolism as well as suppression of the synthesis of
tissue proteins, and that their supplementation with selected minerals did not restore the values of the analyzed parameters to the
levels observed in the animals fed the basal diet.

SUMMARY

1. Diet in which whole grains of cereals were isocalorificaly substituted for wheat flour and saccharose and further on
supplemented with Ca, Mg, Zn and Cr was conducive to the reduced intake of feed and proteins, which could be the
reason of the observed lower protein content in muscles of the animals under research.

2. Modification of diet composition in which whole grains of cereals were substituted for wheat flour and saccharose
affected an increase in the concentration of α1-globulins in blood, which may indicate the ongoing inflammatory process,
whilst the supplementation with mineral components made no difference in this respect.

3. The supplementation with Ca, Mg, Zn, Cr did not restore the values of selected markers of protein metabolism (γ-GT,
ALT, AST, urea, creatinine) determined in plasma of the animals fed the modified feed mixtures to the levels noted in the
animals receiving basal diet.

REFERENCES

1. Alhaidary A., Mohamed H.E., Beynen A.C., 2010. Differences between rats and rabbits in their response of feed and energy intake to
increasing dietary fat content. Scand. J. Lab. Anim. Sci., 37, 4, 237–240.

2. Anderson R.A., 2000. Chromium in the prevention and control of diabetes. Diabetes Metab., 26(1), 22–27.
3. Anderson R.A., Polansky M.M., Bryden N.A., 2004. Stability and absorption of chromium and absorption of chromium histidinate

complexes by humans. Biol. Trace Elem. Res., 101(3), 211–218.
4. AOAC 2003. Official Methods of Analysis, 17th Ed., Association of Official Analytical and Chemists, Gaithersburg, USA.
5. Bernao A., Meseguer I., Aguilar M.V., Para M.C., Muñoz M.J., 2004. Effect of different doses of chromium picolinate on protein

metabolism in infant rats. J. Trace Elem. Med. Biol., 18(1), 33–39.
6. Choudhary D., 2013. Influence of dietary zinc deficiency on serum zinc and protein. Indian Journal of Fundamental and Applied Life

Sciences, 3(1), 143–148.
7. Clodfelder B.J., Gullick B.M., Lukaski H.C., Neggers Y., Vincent J.B., 2005. Oral administration of the biomimetic

[Cr3O(O2CCH2CH3)6(H2O)3]+ increases insulin sensitivity and improves blood plasma variables in healthy and type 2 diabetic rats. J.
Biol. Inorg. Chem., 10(2), 119–130.

8. Davani B., Portwood N., Bryzgalova G., Reimer M.K., Heiden T., Ostenson C.G., Okret S., Ahren B., Efendic S., Khan A., 2004. Aged
transgenic mice with increased glucocorticoid sensitivity in pancreatic beta-cells develop diabetes. Diabetes, 53, Suppl. 1, S51–S59.

9. Fairweather-Tait S., 1992. Bioavailability of trace elements. Food Chem., 43, 213–217.
10. FAO 2003. Food energy – methods of analysis and conversion factors. Chapter 2: Methods of food. Analysis. Food and Nutrition, 77,

57–60.
11. Friedrich M., Sawicka A., 2005. The influence of diet composition and its supplementation with mineral elements on the antioxidant



indicators in rats blood and liver. Pol. J. Human Nutr. Metab., 32(suppl.), 467–474.
12. Friedrich M., Serwotka J., 2006. Effects of diet composition and supplementation with selected minerals on the content and composition

of fatty acids in the perivisceral fat tissue of rats. Pol. J. Food Nutr. Sci., 4, 469–475.
13. Grundy S.M., 2007. Gamma-Glutamyl transferase another biomarker for metabolic syndrome and cardiovascular risk. Arterioscler. Thromb.

Vasc. Biol., 27(1), 4–7.
14. Hajifaraji M., Leeds A.R,. 2008. The effect of high and low glycemic index diets on urinary chromium in healthy individuals: a cross-over

study. Arch. Iran Med. 11(1), 57–64.
15. Johnson R.J., Segal M.S., Sautin Y., Nakagawa T., Feig D.I., Kang D., Gersch M.S., Benner S., Sa´nchez-Lozada L.G., 2007. Potential role of

sugar (fructose) in the epidemic of hypertension, obesity and the metabolic syndrome, diabetes, kidney disease, and cardiovascular
disease. Am. J. Clin. Nutr., 86(4), 899–906.

16. Johnson, I.T., Gee J.M., 1986. Gastrointestinal adaptation in response to soluble non-available polysaccharides in the rat. Br. J. Nutr., 55,
497–505

17. Laurant P., Droz-Barthelot C., Berthelot A., 1991. Effect of a long-term high magnesium intake on metabolism of zinc in Sprangue-Dawley
male rats. Trace Elem. Med., 8, 70–73.

18. Leibowitz S.F., Wortley K.E., 2004. Hypothalamic control of energy balance: different peptides, different functions. Peptides, 25(3), 473–
504.

19. Lukaski H.C., 1999. Chromium as a supplement. Ann. Rev. Nutr., 19, 279–302.
20. Machaliński B., Walczak M., Syrenicz A., Machalińska  A., Grymuła K., Stecewicz I., Wiszniewska B., Dąbkowska E., 2006. Hypoglycemic

potency of novel trivalent chromium in hyperglycemic insulin-deficient rats. J. Trace Elem. Med. Biol., 20(1), 33–39.
21. Mills C.F., 1985. Dietary interactions involving the trace elements. Annu. Rev. Nutr., 5, 173–193.
22. Newsholme P., Brennan L., Rubi B., Maechler P., 2005. New insights into amino acid metabolism, β-cell function and diabetes. Clin. Sci.,

108(3), 185–194.
23. Ortsäter H., Alberts P., Warpman U., Engblom L.O.M., Abrahms´en L., Bergsten P., 2005. Regulation of 11β-hydroxysteroid

dehydrogenase type 1 and glucose-stimulated insulin secretion in pancreatic islets of Langerhans. Diab. Metab. Res. Rev., 21, 359–366.
24. Podlaszewska G., Friedrich M., Sadowska J., 2009. The estimation of the effect of diet composition and its supplementation with chosen

mineral elements on the concentration of corticosterone and the water balance at male rats [Ocena wpływu składu diety i jej uzupełniania
wybranymi składnikami mineralnymi na stężenie kortykosteronu i bilans wodny u samców szczura]. Żyw. Nauka Tech. Jakość, 4(65), 345–
351 [in Polish].

25. Polskie Normy PN-EN ISO 6869:2002, 2002. Animal feeding stuffs – Determination of the contents of calcium, copper, iron, magnesium,
manganese, potassium, sodium and zinc – Method using atomic absorption spectrometry [Pasze. Oznaczanie zawartości wapnia, miedzi,
żelaza, magnezu, manganu, potasu, sodu i cynku. Metoda absorpcyjnej spektrometrii atomowej] [in Polish].

26. Racek J., Trefil L., Rajdl D., Mudrová V., Hunter D., Senft V., 2006. Influence of chromium-enriched yeast on blood glucose and insulin
variables, blood lipids, and markers of oxidative stress in subjects with type 2 diabetes mellitus. Biol. Trace Elem. Res., 109(3), 215–230.

27. Rayssiguier Y., Gueux E., Nowacki W., Rock E., Mazur A., 2006. High fructose consumption combined with low dietary magnesium intake
may increase of the metabolic syndrome by inducing inflammation. Magnes. Res., 19, 237–243.

28. Reeves P.G., Nielsen F.H., Fahey G.C., 1993. AIN-93 purified diets for laboratory rodents: final report of the American Institute of
Nutrition ad hoc writing committee on the reformulation of the AIN-76 rodent diet. J. Nutr., 123(11), 1939–1951.

29. Reinhold J.G., 1953. Standard methods of clinical chemistry. ed. Reiner M., Academic Press, New York, vol. 1, 88.
30. Roth H.P., 2003. Development of alimentary zinc deficiency in growing rats is retarded at low dietary protein levels. J. Nutr., 133(7), 2294-

2301.
31. Roy H.J., Keenan M.J., Zablah-Pimentel E., Hegsted M., Bulot L., O'Neil C.E., Bunting L.D., Fernandez J.M., 2003. Adult female rats defend

“appropriate” energy intake after adaptation to dietary energy. Obes, Res. 11, 1214–1222.
32. Sahin K., Onderci M., Tuzcu M., Ustundag B., Cikim G., Ozercan I.H., Sriramoju V., Juturu V., Komorowski J.R., 2007. Effect of chromium

on carbohydrate and lipid metabolism in a rat model of type 2 diabetes mellitus: the fat-fed, streptozotocin-treated rat. Metabolism, 56(9),
1233–1240.

33. Sarwar G., Peace R.W., 1994. The protein quality of some enteral products is inferior to that of casein as assessed by rat growth methods
and digestibilitycorrected amino acid scores. J. Nutr., 124, 2223–2232.

34. Staniek H., Rhodes N.R., Di Bona K.R., Deng G., Love S.T., Pledger L.A., Blount J., Gomberg E., Grappe F., Cernosek Ch., Peoples B.,
Rasco J.F., Krejpcio Z., Vincent J.B., 2013. Comparison of Tissue Metal Concentrations in Zucker Lean, Zucker Obese, and Zucker
Diabetic Fatty Rats and the Effects of Chromium Supplementation on Tissue Metal Concentrations. Biol. Trace Elem. Res., 151, 3, 373–
383.

35. StatSoft Inc., 2005. STATISTICA (data analysis software system), version 7.1. www.statsoft.com.
36. Suzuki A., Lymp J., Sauver J.S., Angulo P., Lindor K., 2006. Values and limitations of serum aminotransferases in clinical trials of

nonalcoholic steatohepatitis. Liver Int., 26(10),1209–1216.
37.  Vegiopoulos A., Herzig S., 2007. Glucocorticoids, metabolism and metabolic diseases. Mol. Cell. Endocrinol., 275(1–2), 43–61.
38. Wang H., Kruszewski A., Brautigan D.L., 2005. Cellular chromium enhances activation of insulin receptor kinase. Biochem., 44(22), 8167–

8175.
39. Yang R., Park S., Reagan W., Goldstein R., Zhong S., Lawton M., Rajamohan F., Qian K., Liu L., Gong D.W., 2009. Alanine

aminotransferase isoenzymes: molecular cloning and quantitative analysis of tissue expression in rats and serum elevation in liver
toxicity. Hepatology, 49(2), 598–607.

40. Zemel M.B., 2004. Role of calcium and dairy products in energy partitioning and weight management. Am. J. Clin. Nutr., 79, 5, 907S–912S.

Accepted for print: 2.10.2013

Zuzanna Goluch-Koniuszy
Department of Human Nutrition Physiology, Faculty of Food Sciences and Fisheries, Western Pomeranian University of
Technology in Szczecin, Poland
Papieża Pawła VI 3, 71-451 Szczecin, Poland 
phone +48 91 449 65 71
email: Zuzanna.Goluch-Koniuszy@zut.edu.pl

Joanna Sadowska
Department of Human Nutrition Physiology, Faculty of Food Sciences and Fisheries, Western Pomeranian University of
Technology in Szczecin, Poland
Papieża Pawła VI 3 
71-451 Szczecin, Poland 
phone: 48+ 91 449 65 72

mailto:Zuzanna.Goluch-Koniuszy@zut.edu.pl


Responses to this article, comments are invited and should be submitted within three months of the publication of the article. If
accepted for publication, they will be published in the chapter headed 'Discussions' and hyperlinked to the article.

Main  -  Issues  -  How to Submit  -  From the Publisher  -  Search  -  Subscription

mailto:eng@ejpau.media.pl
http://www.ejpau.media.pl/main.html
http://www.ejpau.media.pl/all_issues.html
http://www.ejpau.media.pl/how.html
http://www.ejpau.media.pl/publishers_regulations.html
http://www.ejpau.media.pl/search.html
http://www.ejpau.media.pl/subs.html

	Veterinary Medicine

