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A growth trial was carried out to test the effect of organic, trivalent chro-
mium and L-carnitine on the body composition of growing rats. At the same time,
an evaluation of different measurement methods (weight of epididymal fat pad,
adipocyte morphometry, total body electrical conductivity) was performed. Out-
bred Wistar rats of 30 days of age were fed diets of different (0, 10 and 20%)
protein level. The diets were supplemented with 4 mg/kg Cr as chromium nicotin-
ate, and 100 mg/kg L-carnitine. The experimental feeding lasted 15 days, after a
5-day-long adjustment period. It was found that Cr addition increased feed intake.
Both treatments caused changes in body composition, increasing fat and protein
deposition. Organic chromium had no effect at either protein level, while L-
carnitine improved the protein retention only at an optimum (20%) protein supply.
No statistically significant correlation was found between total body electrical
conductivity (TOBEC) and body composition, which could be attributed to the
great individual differences. A close correlation was found among total body fat
percentage, weight of epididymal fat pad and the adipocyte surface. The data sug-
gest that there is an interaction between dietary protein supply and the effect of
repartitioning agents.

Key words: Trivalent chromium, L-carnitine, body composition, protein
efficiency ratio (PER), net protein ratio (NPR), rat, dietary protein level, adipo-
cyte morphometry, epididymal fat pad, total body electrical conductivity
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It is widely accepted that some nutriceuticals like organic chromium
(chromium picolinate or nicotinate) and L-carnitine increase the tissue retention
of protein and/or fat (Borum, 1983; Mowat, 1997). Both production trials (Tilley,
1995; Janssen and De Wilde, 1995; Gálvez et al., 1996; Fekete and Kósa, 1999;
Fekete et al., 1999; Kósa and Fekete, 1999) and basic research have provided
such evidence. However, some data are contradictory (Owen et al., 1993; Barker
and Sell, 1994; Clouet et al., 1996) and there are few really controlled test (Rabie
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and Szilágyi, 1998). One of the uncertainties may be caused by the interaction of
diet composition, repartitioning agent and body composition (Guggenbuhl, 1996;
Hemel-Grooten et al., 1998).

There is an increasing need both in human medicine and in animal science
for non-invasive methods of measurement of total body composition in vivo. In-
direct methods for the determination of body composition give estimates of
varying precision for major chemical components. This is especially true for the
determination of body fat content of a given individual. There is some evidence
that the distribution (anatomical site) of fat in the body is a better indicator of the
condition than total body fat (Robelin and Casteilla, 1990). The concept of adi-
pocyte cellularity helps to explain the earlier, sometimes contradictory observa-
tions. This means that during fat deposition or mobilisation young growing ani-
mals show changes in fat cell number and size, whereas in older individuals
changes occur only in cell size (Hirsch and Han, 1969; Hirsch and Knittle, 1970).
There is a linear relationship between adipose cell volume and total fat content.
This holds health concerns too, because larger adipocytes produce more leptin, a
well-known satiety signal (Houseknecht et al., 1998), but at the same time they
are less sensitive to insulin than smaller cells. Hirsch and Gallian (1968) evalu-
ated different procedures for adipose cell measurement. The osmium tetroxide
fixation method proved to be more accurate in comparison with other procedures
on different species. Smith et al. (1984) used adipose tissue biopsy and deute-
rium oxide dilution technique to detect changes in body composition of growing
steers. The data of this study provide strong evidence that in vitro measurements
of adipose tissue lipogenic enzyme activities are indicative of increased gain of
body fat in cattle.

Scoring systems can be used only in species in which large amounts of fat
are deposited subcutaneously, like in cows (Fekete et al., 1996a). Therefore, it is
clear that finding a reliable fat store is essential in adipocyte techniques. In rats,
this fat store can be the epididymal fat pad, which is well defined and easy to
find. It seems that the amount of this fat pad changes parallel to the body compo-
sition of the animal. Sainz and Wolff (1988) found that the subcutaneous adipose
tissue of Sprague-Dawley rats appeared to be more sensitive than abdominal fat
to cimaterol treatment.

Total body electrical conductivity (TOBEC) is recommended for serial
estimations of body composition in animals and man (Forbes, 1987). The
TOBEC technique relies on the difference in electrical conductivity and dielec-
tric properties between fat-free mass (FFM; which actually contains all the water
and conducting electrolytes) and fat mass. This method was demonstrated to pre-
dict accurately the FFM and the total body water (TBW) in different species of
animals and in humans (Fekete, 1992). Fiorotto et al. (1987) found that the accu-
racy of TOBEC measurement in pigs can be improved by taking into account in-
dividual variability in shape as indicated by the weight/length2 index. However,
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in case of rats from the same strain this does not influence the measurement.
Trocki et al. (1995) studied the precision of the TOBEC technique in predicting
body composition of a population of adult male rats that had undergone 7 treat-
ments, including adrenalectomy and blocking of glucocorticoid receptors, in an
experiment on the aetiology of obesity. Measurements underestimated lean body
mass and reciprocally overestimated fat content. To improve accuracy and reli-
ability of the TOBEC technique, a prediction equation should be developed from
the same population, and experimental group sizes should be relatively large.
Bell et al. (1994) concluded that TOBEC could not be used instead of carcass
analysis for the accurate prediction of the body composition of rats during or
following the administration of a variety of experimental treatments. Stenger and
Bielajew (1995) compared total body electrical conductivity (TOBEC) predic-
tions of overall body fat to combined perirenal and epididymal fat pad weight.
The latter are considered reasonable estimates of overall adiposity. Kósa et al.
(1997) improved the accuracy of measurement by using a previous 12-h feed and
water deprivation period and appropriate analgesia in dwarf rabbits.

A short-term experiment was carried out by Szakáll et al. (2000) to test the
effect of inorganic chromium, manganese and DL-carnitine on body composition
of growing rats. Outbred Wistar rats of 6–7 weeks of age were used. The purified
diets were balanced for all minerals except Cr and Mn, which were decreased in
the control diet (0.86 and 69.74 mg/kg Cr and Mn, respectively) to get better ad-
ditional effect. The following types of supplementation were used: 1500 mg/kg
Cr as CrCl3, 500 mg/kg Mn as MnSO4 and 1000 mg/kg DL-carnitine. The ex-
perimental feeding lasted 14 days, after a 13-day long adjustment period. Cr and
Mn addition slightly decreased food intake. Although the body composition of
Cr-fed rats tended to get fatter, statistically there was no difference (p > 0.1) in
body composition between the different treatment groups. Data suggest the small
or zero effect of inorganic chromium, manganese and DL-carnitine supplemen-
tation on body composition of growing rats.

The primary objective of the present study was to determine the effect of
supplementation with repartitioning agents (organic chromium and L-carnitine)
at two different dietary protein levels on protein utilisation and body composition
of growing rats. In addition, the accuracy of two indirect methods, i.e. the adipo-
cyte cell measurement and TOBEC, was evaluated.

Materials and methods
Animals

SPF (FELESA) weaned male Wistar rats of 30 days of age, obtained from
the Central Animal House of the Semmelweis Medical University of Budapest,
were used. The animals were housed in the conventional animal facility of the
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Institute of Animal Breeding, Nutrition and Laboratory Animal Science of the
Faculty of Veterinary Science, Szent István University in groups of six rats each.
They were kept at 28 ± 1 °C room temperature, 65% relative humidity, and a
light/dark cycle of 14/10 h. A 5-day accommodation period was used, during
which an adjustment diet (Table 1) was fed ad libitum. On Day 0, new groups of
6 rats each were randomly formed with the help of the Microsoft Excel pro-
gramme to obtain the similar average liveweights and the equal-and-least vari-
ance (Kovalcsik, 1996). The animals were housed in wire mesh cages to avoid
caecotrophy. The feeding box was placed inside the cage, which allowed meas-
uring the feed intake and minimised feed loss. The rats were fed the test diets ad
libitum. The physical form of all diets was powder to avoid spilling. Drinking tap
water was offered in glass bottles re-filled daily. The length of the experiment
was 15 days. The rats were weighed on Days 2, 4, 7, 10 and 15.

Table 1

Composition of adjustment and protein-free diets, gram/kg

Ingredients Adjustment diet Protein-free diet

Soybean meal (equal to 15% CP**) 326.10 –
D-glucose – 150.00
Premix* 50.00 50.00
Sunflower oil 7.50 7.50
Lard 92.50 142.50
Cellulose powder 50.00 50.00
Corn starch (ad 100%) 474.40 600.00

*composition of premix in Table 3; **CP = crude protein

Raw materials

Soybean meal was purchased from Rákosmezeje Co. Ltd. Potato and
maize starch came from Szabadegyháza Distillery Co. Ltd. Pig lard and sun-
flower oil are human commercial products. The cellulose powder originated from
Reanal Ltd. The premix was made at the Feed Mixing Plant of Bábolna Ltd. with
maize starch carrier.
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Experimental diets

Both repartitioning agents were used at 10 and 20% crude protein level. The
protein source was solvent-extracted soybean meal. The dietary level of chromium
nicotinate was 4 mg/kg, while that of L-carnitine was 100 mg/kg. The basal (control)
diet contained no protein (Table 1), to allow the calculation of Net Protein Ratio
(NPR). The treatments and the symbols used later are shown in Table 2. Natural
composition of the semi-purified experimental diet is given in Table 3.

Table 2

Treatments and symbols

Symbol Treatment

PFD Protein-free diet
10CP Basal diet with 10% CP
20CP Basal diet with 20% CP
10CP+Cr Basal diet with 10% CP + Cr nicotinate
20CP+Cr Basal diet with 20% CP + Cr nicotinate
10CP+CARN Basal diet with 10% CP + L-carnitine
20CP+CARN Basal diet with 20% CP + L-carnitine

Table 3

Composition of the experimental diets

Ingredients 10CP1 10CP+Cr2 10CP+
CARN3 20CP4 20CP+

Cr5
20CP+
CARN6

Cr nicotinate, mg – 4 – – 4 –
L-carnitine, mg – – 100 – – 100
Soybean meal, g 208.64 208.64 208.64 417.26 417.26 417.26
Sunflower oil, g 7.5 7.5 7.5 7.5 7.5 7.5
Lard, g 142.5 142.5 142.5 142.5 142.5 142.5
Cellulose powder, g 50 50 50 50 50 50
Premix*, g 50 50 50 50 50 50
Maize starch, g  ad 1000.00 gram

*1 kg premix contains: Vitamin A 120,000 IU/kg, Vitamin D3 20,000 IU/kg, Vitamin E 700 mg/kg,
Vitamin K3 60 mg/kg, Thiamine 80 mg/kg, Riboflavin 60 mg/kg, Nicotinic acid 800 mg/kg, Ca-
pantothenate 200 mg/kg, Pyridoxine 140 mg/kg, Biotin 10 mg/kg, Folic acid 20 mg/kg, L-ascorbic
acid 2000 mg/kg, Choline-chloride 20,000 mg/kg, Ca 160 g/kg, P 120 g/kg, Mg 10 g/kg, NaCl
100 g/kg, Fe 800 mg/kg, Mn 1500 mg/kg, Zn 260 mg/kg, Cu 120 mg/kg, I 3 mg/kg; 1basal diet
with 10% CP (crude protein = N × 6.26); 2basal diet with 10% CP + Cr nicotinate; 3basal diet with
10% CP + L-carnitine; 4 basal diet with 20% CP; 5basal diet with 20% CP + Cr nicotinate; 6basal
diet with 20% CP + L-carnitine
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Procedures

On Day 15 of the experiment (at 50 days of age) the body composition of
rats was determined by the TOBEC technique. Prior to the measurement the rats
were anaesthetised with intraperitoneal pentobarbital sodium injection (20 mg/kg
body weight of Nembutal inj. A.U.V.™, Sanofi). After the TOBEC measure-
ments, the animals were euthanised by an overdose of the same injection in deep
narcosis. The epididymal fat pad was removed and weighed. The samples were
washed with a two-component Sörensen solution and then stained with heated
osmium tetroxide for 24 h. Adipocyte morphometry was performed according to
Hirsch and Gallian (1968) and evaluated by the use of a special image analysis
software (Cytosoft®). Adipocyte number, size and distribution were determined
later. After removing the gut and urinary bladder content, the whole bodies were
deep frozen.

Methods

Empty bodies (EB) were weighed, then cut into pieces of small size and
homogenised with a grinder (KERIPAR Metal Works no. 5). Protein Efficiency
Ratio (PER) and Net Protein Ratio (NPR) were calculated as follows: PER = body
weight gain/CP intake and NPR = (body weight gain – body weight gain of rats
fed N-free basal diet)/CP intake (Hegedűs et al., 1981). Total body electrical con-
ductivity (TOBEC) measurement followed the procedure described by the opera-
tion manual of the EM-SCAN Model SA-2 Small Research Animal Composition
Analyzer (EM SCAN Inc., 1991), modified by Fekete and Brown (1993). After
calibration of the instrument using the procedure recommended by the operating
manual, the animals were placed on the plastic carrier in the prone position and the
carrier was placed inside the measurement chamber. The body, legs and tail were
kept in the same position during the procedure. TOBEC ‘E’ value was taken as the
mean of at least five consecutive measurements. All diets and whole empty body
samples were analysed for dry matter (DM), ash, ether extract (EE) and crude
protein, CP (N × 6.25) according to procedures of the Association of Official
Analytical Chemists (A.O.A.C., 1980).

Statistical evaluation

Analysis of variance (ANOVA) procedures appropriate for completely ran-
domised design (Steele and Torrie, 1980) were conducted in the trial using SPSS
software. Differences among treatments were then assessed using the least signifi-
cant difference calculated from the pooled standard error of mean from ANOVA.
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Ethics

This experiment was approved and supervised by the common Ethics
Committee of the University of Veterinary Science Budapest and the Scientific
Veterinary Chamber of Hungary.

Results
Body weight and feed intake

Changes in liveweight after feeding the experimental diets can be expressed
as percentage of the initial body weight. PFD caused 22.6% weight loss, while the
rats fed diets of 10% and 20% CP gained 77–95% and 122–144%, respectively.

Table 4 summarises data concerning feed intake, CP intake and the calcu-
lated PER and NPR values per cage. Organic chromium supplementation greatly
increased feed intake at both protein levels: 13.6% at low and 1.7% at high pro-
tein level. In this respect, L-carnitine had practically no effect (–0.2 vs. +0.7%).
PER values are between 2.2 and 3.0, while the NPR values are between 4.9 and
8.8.

Table 4

Performance of rats after 15 days on the test diets (based on means per cage)*

Feed intake
g/rat

CP intake
g/rat

PER
g/g

NPR
g/g

PFD 47.6 0 – –
10CP 106.9 10.7 2.7 8.7
10CP+Cr- 121.4 12.1 3.0 8.3
10CP+CARN 106.7 10.7 2.8 8.8
20CP 117.1 23.4 2.3 5.1
20CP Cr 119.1 23.8 2.4 5.1
20CP+CARN 117.9 23.6 2.2 4.9

CP = crude protein (N × 6.25); PER = protein efficiency ratio; NPR = net protein ratio; *cage
means, no SD can be given. For symbols see Table 2

Of the data of measurements, the absolute values of the live body weight
of rats on Days 0 and 15 (end of trial) are given in Table 5. Except for the PFD
group, data are in the range of the normal growth curve of rats (Hirsch and Han,
1969). The differences among treatments reflect those of the relative body
weight gain. The average body weight of the group fed a protein-free diet is sig-
nificantly (P < 0.05) lower than that in all the other treatments. The animals in
the groups fed 20% CP diets are significantly (P < 0.05) heavier than those on
10% CP diets. The best results in terms of body weight were obtained in the
group fed a 20% CP diet supplemented with organic chromium.



392 FEKETE et al.

Acta Veterinaria Hungarica 49, 2001

Table 5

Initial and final body weights of rats, gram (mean ± SD)

Day 0 Day 15

PFD 63.8 ± 0.0a 49.38 ± 2.17b

10P 63.8 ± 0.0a 112.97 ± 15.41c

10P+Cr- 63.8 ± 0.0a 124.10 ± 20.07d

10P+CARN 63.9 ± 0.0a 113.90 ± 13.84c

20P 63.8 ± 0.0a 150.30 ± 6.60e

20P Cr- 63.8 ± 0.0a 155.38 ± 9.33e

20P+CARN 63.8 ± 0.0a 143.97 ± 12.24e

Values in a column with different letters in superscript (a, b, c, d, e) are signifi-
cantly different at P < 0.05. For symbols see Table 2

Table 6 gives the empty body weight (EBW), i.e. the carcass without the
epididymal fat pad, blood, gut and urinary bladder content. The major chemical
components (DM, ash, EE, and CP) are expressed as a percentage of the wet
EBW. Both protein level and supplementation changed the total body composi-
tion, especially the fat (EE) content. The fat content of the groups fed 20% CP
diets is significantly lower (8.00–9.90%) than that of animals receiving diets of
10% CP content (11.93–15.77%). There are no significant differences (P < 0.05)
among treatments (organic chromium or L-carnitine supplementation) in case of
diets of 10% CP content. The protein content of animals fed 20% CP diets is
higher, but the differences are not statistically significant (P > 0.05). There is no
significant (P > 0.05) difference among treatments in the crude protein concen-
trations of the body of rats fed 20% CP diets.

Figure 1 shows the major chemical components of the dry matter content
of whole bodies.

Data of the methods to be evaluated are compared in Table 7. The mass of
the epididymal fat pad is given in grams, the estimated surface of a typical adipo-
cyte from the epididymal fat pad of each treatment in µm2, and the total body elec-
trical conductivity number, the ‘E’ value is also indicated. Groups show the same
tendencies as in the chemical analysis, but the great variance is striking. Significant
differences (P < 0.05) can be found only between the values of animals on protein-
free diet and those on 10 or 20% CP. Table 8 gives a comparison of the produced
total fat and protein per rat in the test phase (the gross amount of EBW of an aver-
age individual per treatment), to see the cumulative effects. The calculated adipo-
cyte diameters are also given (we supposed the adipocyte to be a geometrical
sphere).
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Table 6

Chemical composition and weight of empty body in rats (mean ± SD) at the end of experiment

Treatment EBW, g DM, % Ash, % EE, % CP, %

PFD 48.03a 29.17a 4.39a 6.12a 17.03a

± 1.49 0.94 0.20 1.01 0.35

10CP 109.60b 33.14b 3.42b 11.93b 15.69b

± 17.99 1.32 0.33 1.74 0.65
10CP+Cr 122.90c 35.93b 3.07b 15.77c 15.19b

± 21.14 1.23 0.45 1.89 0.75
10CP+CARN 111.67b 34.40b 3.15b 13.44b 15.44b

± 15.88 2.33 0.36 3.04 0.48

20CP 140.68d 29.74a 3.19b 8.00d 16.87b

± 10.92 1.73 0.21 2.17 0.52
20CP+Cr 146.85d 31.88a 3.07b 9.90d 16.98b

± 5.25 2.08 0.17 1.95 0.14
20CP+CARN 144.50d 30.22a 3.37b 8.17d 16.86b

± 11.83 0.58 0.36 0.66 0.51

SD = standard deviation; EBW = empty body weight; DM = dry matter; EE = ether extract; CP =
crude protein (N × 6.25); Values in a column with different letters in superscript (a, b, c, d) are sig-
nificantly different at P < 0.05
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Fig. 1. Chemical components of dry matter of rat bodies at the end of the trial, % (mean ± SD).
For abbreviations see Table 2



394 FEKETE et al.

Acta Veterinaria Hungarica 49, 2001

Table 7

Epididymal fat weight, adipocyte surface and TOBEC number (‘E’) at the end of the trial
(mean ± SD; n = 6)

Treatment Epididymal fat, g Adipocyte surface, µm2 ‘E’ number

PFD 0.13 ± 0.03a 1780 ± 217a 25.6 ± 2.8a

10CP 0.72 ± 0.12b 2872 ± 143b 61.0 ± 9.1b

10CP+Cr 1.16±0.41 d 3592±551 c 79.5±16.6 c

10CP-CARN 0.78±0.20 b 3264±503 c 72.3±17.8 c

20CP 0.67±0.14 b 2694±354 b 112.1±15.3 d

20CP+Cr 0.94±0.27 c 3113±484 c 128.8±14.7 e

CP+CARN 0.64±0.12 b 2631±322 b 110.6±22.2 s

For symbols see Table 2. Values in a column with different letters in superscript (a, b, c, d, e) are
significantly different at P < 0.05

Table 8

Total fat and protein produced per an average rat during the 15-day test period with the calculated
average adipocyte diameter*

Treatment Fat, grams % Protein, grams % Adipocyte
diameter, µm

PFD 2.93 22.40/26.04** 8.18 47.56/34.47 47.6

10CP 13.08 100.00 17.20 100.00 60.5
10CP+Cr 19.38 148.17 18.67 108.55 67.6
10CP+CARN 15.00 114.68 17.24 100.23 64.5

20CP 11.25 100.00 23.73 100.00 58.6
20CP+Cr 14.54 129.24 24.94 105.10 63.0
20CP+CARN 11.81 104.98 24.36 102.65 57.9

*Derived values, no standard deviation can be given; **compared to the two control diets (10CP and
20CP). For symbols see Table 2

Discussion

The purpose of this study was to determine changes in the chemical com-
position of the total body of rats fed protein-free diet or 10 or 20% CP containing
diets supplemented or not supplemented with chromium nicotinate or L-
carnitine. In addition, the accuracy of other estimating methods like the meas-
urement of epididymal fat pad weight, adipocyte surface and total body electrical
conductivity, was evaluated and compared. The latter two are non-invasive and
can be carried out in live animals, which holds animal welfare concerns, too.
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Comparing the protein-free, low- and high-protein diets, it can be estab-
lished that the feed intake increased parallel to the protein level. Our results show
that organic chromium was the most effective in improving both fat and protein
accretion (Table 8). There was some apparent protein retention even on the pro-
tein-free diet. This is due at least to three factors: (1) Rats kept on a protein-free
diet (like those in the present study) or during starvation lose weight (Uezu et al.,
1983), especially fat and water. Consequently, the protein content of the whole
body and that of the dry matter are higher (Kleiber, 1987), but the absolute value
will decrease. (2) Restricted fed rats tend to show a high level of coprophagy
(Williams and Senior, 1985), which, in turn, may improve the nitrogen supply.
(3) The liver function can contribute by synthesising non-essential amino acids.

The above finding is valid at both CP levels. On a marginal protein supply
the relative effect is even more expressed. At low (10%) CP level L-carnitine is
able to induce a moderate fat accumulation but has no effect on protein retention.
In contrast, at optimum protein provision L-carnitine induces a moderate im-
provement both in fat and protein accretion. It is interesting to give the crude
protein levels as percentage of the dry matter: 58.38 (PFD), 47.34 (10CP), 42.28
(10CP+Cr), 41.68 (10CP+CARN), 56.72 (20CP), 53.26 (20CP+Cr) and 55.79
(20CP+CARN). This means that, calculated in dry matter content, absolute pro-
tein intake has more decisive effect than do the additives.

The calculated adipocyte diameters (between 47.6–67.6 µm) follow a
similar tendency as does the total fat mass, which suggests the validity of the
cellularity concept (Robelin and Casteilla, 1990).

Protein utilisation, expressed in PER and NPR values, is relatively better
at a marginal protein supply. This shows the adaptation of the organism, which
may have great practical implications for animal production. On the other hand,
the increasing CP intake ‘itself’ improved protein retention and decreased the fat
accretion. This phenomenon may be advantageous for the consumers, because
the rat is considered as a good model for the fattening pig. The following actual
correlations have been found: y1 = 4.21 x1 + 8.70 (r = +0.81) and y2 = 17.36 x1 –
1.48 (r = –0.58; P < 0.05), and y1 =–4.54 x2 + 0.005 (r = +0.89; P < 0.01), where
y1 = fat content of EBW, y2 = the protein content of EBW, g; x1 = weight of epi-
didymal fat pad, g; and x2 = adipocyte surface, µm2 (n = 42). There was no sig-
nificant difference between the fat percentage and TOBEC number (r = 0.01; P >
0.05), as well as the fat amount and the ‘E’ number (r = +0.17).

The great individual differences may explain the inconsistency of the
TOBEC data (Amount et al., 1994; Fekete et al., 1996b; Milisits et al., 2000).
The repeatability of this method can be assured only by a previous deprivation of
feed and water, which is not allowed by the current animal welfare regulations.

Summarising our present findings, the amount of the epididymal fat pad
seems to be a good indicator of total body fatness in rats. Adipocyte morphome-
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try and total body conductivity can be considered methods which are good only
at the population level.

General conclusions

The overall effect of L-carnitine used as a feed additive is relatively small,
but the effect is more selective and enhances mostly the decreased fat deposition.
Organic chromium has greater impact on the general breeding parameters
(liveweight, feed intake) and significantly increases both fat and protein accre-
tion. There is an interaction between protein level and repartitioning agents (nu-
triceuticals): at a low CP level, L-carnitine was practically ineffective in im-
proving protein synthesis and inhibiting fat deposition. On the other hand, chro-
mium nicotinate is effective both at marginal and at optimum protein supply, but
in the first case fat accumulation is more expressed. The authors hypothesise that
the effect of organic (trivalent) chromium may be explained by the strong feed
intake increasing stimulus, which should derive from the blood glucose dimin-
ishing effect by better functioning of the glucose tolerance factor (GTF), i.e.
having an insulin-like feature (NRC, 1997).
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