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Abstract   
 
Scope: Eating large amounts of fat is usually associated with fat accumulation. However, different types 

of diets (not only lipids) elicit different metabolic responses.  

Methods and results: Male and female rats (10wk-old) were distributed in four groups and fed for one-

month a standard diet (SD), or this diet enriched with either lipid (high-fat diet, HF) or protein (high-

protein diet, HP), or a cafeteria diet (CAF). Both HF and CAF diets shared the percentage of energy from 

lipids (40%) but these were different. Protein-derived energy in the HP diet was also 40%. Feeding SD, HF 

and HP diets did not result in differences in energy intake, energy expenditure, total body weight or lipid 

content. However, the CAF fed groups showed increases in these parameters, which were more marked 

in the male rats. The CAF diet increased the mass of adipose tissue while the HF diet did not. 

Conclusions: Different diets produced substantial changes in the fate of ingested nutrient energy. Dietary 

lipids were not essential for sustaining increases in body lipid (or adipose tissue) content. Body protein 

accrual was unrelated to dietary lipids and overall energy intake. Both protein and lipid accrual were more 

efficient in male than in female rats. 
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1. Introduction 

 

It is commonly assumed that accumulation of body fat correlates with excessive fat intake.[1] Thus, 

diets laden with high energy contents have been widely used to obtain overweight or obese experimental 

animals.[2] However, the abundance, diversity of purposes and lack of methodological uniformity of these 

diets often result in wide-ranging effects that cannot be explained solely by the age of the animals,[3] the 

time course of the intervention,[4] the energy density of the diets or their components, gender [5] or even 

the palatability of the diet.[6] As a consequence, the patterns of body weight increase are often 

unexplained and heterogeneous, including also a marked variability in the ratio of weight gain to lipid 

deposition.[7]  These effects have also been observed in humans.[8] A high-energy diet containing sufficient 

amounts of carbohydrate and protein facilitates the deposition of body fat, with dietary fat improving the 

palatability of most diets. Thus, fat and other appetite-eliciting flavours increase the hedonic response to 

food, both in humans [9] and rats.[10] 

Since high-fat diets have remarkable effects on body weight and metabolism [11] and given that the 

mechanisms of nitrogen (N) disposal are clearly linked to metabolic syndrome,[12] these nutrients have 

been those most often studied. Their proportions in diets are assumed to strongly influence the fate of 

energy deposition. In many experiments performed on rodents, the additional dietary N load often 

consists of simply adding purified high-quality protein as an extra component, which alters dietary protein 

proportions and (obviously) the availability of many essential amino acids, as well as the way amino acids 

are disposed of[13]  when compared with their controls, often fed a quite different diet. Furthermore, the 

higher proportion of a synecdoche nutrient also affects energy density, as well as carbohydrate and lipid 

proportions. Thus, the evaluation of the results becomes complex, [14,15] highlighting the need for multiple 

variants of diets and proportions to gain a minimum insight into the overall effects. Cafeteria diets are 

hyperlipidic [16], but their protein content (and biological quality) is usually in the higher range of normalcy 

for rodents.[17] This type of diets differs from the others described here, where only the protein or lipid 

component is modified and the rest of diet components maintain their relative interrelations as in the 

controls. In addition, the oligosaccharide (sucrose and lactose) and salt contents of most cafeteria diets 

are essential components to enhance their palatability.[10] Dietary protein is critical for meeting the body’s 

protein needs for growth and maintenance, with N homeostasis involving a powerful, finely tuned series 

of mechanisms that preserve body protein levels and their turnover.[18] In standard diets for laboratory 

rodents, protein-derived energy accounts for about 20% of the total energy intake. Under normal 

metabolic conditions, increased protein availability enhances protein catabolism and lipid mobilisation, 

but also decreases food intake due to the satiating effect of proteins.[19] When protein constitutes a large 
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proportion of dietary energy, especially under conditions of low t o t a l  energy availability such as 

during dieting, dietary protein is used in larger proportions as a source of energy,[20] which results in a 

negative N balance,[21] lower protein synthesis and even increased net body protein loss.[22]  

The wide range of diets described in the literature, especially those differing in the relative 

proportions of their main energy supplies, is insufficient to establish the individual roles of nutrients in 

energy partitioning and fat deposition. Most of the data obtained using modified diets are usually based 

on the excessive intake of a specific nutrient/component; however, data on the effects of moderate 

changes in the relative proportion of macronutrients are scarce. It is important to compare different diets 

(standard vs. hyperlipidic for instance) that maintain maximal similarity in composition (and components), 

changing (as far as possible) only a specific component. It is commonly accepted that excess of dietary fat 

is essentially the key factor for fat accrual and excess energy intake, but there is a considerable amount 

of information that indicates that this factor is only another piece of the complex building of obesity and 

its accompanying pathologies. In the present study we wanted to expand a model we have developed 

previously to determine if that is true or not. Our key objective was to prove that not all high-fat high-

energy diets are equal, and consequently do not affect fat accumulation in the same way. The use of high-

fat diets different from standard diets, not only on fat, but on almost everything else, only contributed to 

obscure the picture. Consequently, we wanted first to prove whether hyperlipidic diets are so fattening 

“only” because of their high fat/energy content. Our hypothesis is that other components, such as protein, 

or hedonic foods (and starchy carbohydrate by difference) play a critical role in the modulation of how 

this fat is used: accrual vs. oxidation. 

 

2. Experimental Section 

2.1.  Animals and experimental set up 

 All animal handling procedures and the experimental setup were carried out in accordance with the 

animal handling guidelines of the European, Spanish and Catalan authorities. The Committee on Animal 

Experimentation of the University of Barcelona authorised the specific procedures used in the present 

study (# DAAM 6911).  

 Ten-week-old male (initial weight, 364 ± 12 g) and female (initial weight, 233 ± 8 g) Wistar rats 

(Janvier, Le-Genest-Saint-Isle, France) were used (N = 52). The animals were randomly divided into four 

groups (n = 6-8 in each group) for each sex, and were fed ad libitum for 30 days: rat chow (standard diet 

[SD], the SD group), a standard diet mixed with coconut oil (high-fat [HF] diet, the HF group), a simplified 

cafeteria diet [CAF] (the CAF group) or a standard diet mixed with proteins (high-protein [HP] diet, the HP 

group). All animals had free access to water. They were housed (in same-sex pairs) in solid-bottom cages 

with wooden shards as bedding material and were kept in a controlled environment (lights on from 08:00 
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to 20:00, temperature 21.5 - 22.5ºC, and 50-60% humidity). Body weight and food consumption were 

recorded daily. The calculation of ingested food in rats fed the cafeteria diet was performed as previously 

described by weighing the differences in the food offered and the debris left,[16] and correcting for 

dehydration. 

 

2.2 Diets 

 The composition of the diets is shown in Table 1. The standard diet (Teklad 2014, Teklad diets, 

Madison, WI USA; which main ingredients were: wheat middlings, ground wheat, ground corn and corn 

gluten), contained 20% of digestible energy derived from proteins, 13% from lipids, and 67% from 

carbohydrates (including 10% from oligosaccharides).  

 The HF diet was prepared by adding coconut oil to coarsely ground standard chow. The mixture, 

containing 33 parts (by weight) of standard chow, 4 parts of coconut oil and 16 parts of water, was 

thoroughly kneaded to form a rough paste, which was extruded using cut end syringes to form 1x6-cm 

cylindrical pellets that were dried at 40ºC for 24 hours. This diet contained 14% of digestible energy 

derived from proteins, 37% from lipids, and 49% from carbohydrates.  

 The simplified cafeteria diet was formed with standard chow pellets, plain cookies spread with liver 

pâté, bacon, water and milk, which was supplemented with 300 g/L of sucrose and 30 g/L of a mineral 

and vitamin supplement (Meritene, Nestlé, Esplugues, Spain).[23] All components were kept fresh (i.e., 

renewed daily). From the analysis of the diet components and the ingested items, we calculated (from 

direct consumption measurements) that about 40% of the energy ingested was derived from lipids, 12% 

from proteins, and 48% from carbohydrates (of which 20% were from oligosaccharides). 

 The HP diet was obtained by adding casein and gelatine to a powdered standard chow. The mixture 

(16.5 g of standard chow + 2.35 g of casein + 2.05 g of gelatine + 0.2 ml of sunflower oil + 17 ml of water) 

was pelleted and dried at 40ºC for 24 hours. When the pellets were analysed, we found that the energy 

derivable from proteins was 41%, with 12% from lipids and 47% from carbohydrates.  

 The SD, HF and HP diets were administered in the form of dry extruded pellets. The CAF components 

were offered fresh daily and in excess in a small container. Aversion tests to the pellet diets were negative, 

i.e., there were no differences with the basic SD diet. 

 

2.3 Experimental design 

 The animals were randomly distributed by sexes into the four dietary groups described above. After 

30 days of the dietary treatment, the rats were anaesthetised with isoflurane at the beginning of the light 

cycle and blood was withdrawn with dry-heparinised syringes through the exposed aorta until 

exsanguination. Plasma was obtained by centrifugation and kept at -20ºC until analysis. White adipose 
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tissue (WAT) from different locations, liver and interscapular brown adipose tissues were dissected and 

frozen in liquid nitrogen. The stomach and intestines were cleaned of their contents (which were 

discarded). These organs, the carcass and the remaining blood and other body debris were sealed in 

polyethylene bags, which were autoclaved at 120°C for 2 h. The contents of these bags were weighed and 

then minced into a smooth paste with a blender (to obtain a ‘total’ rat homogenate), as previously 

described. [23]  

2.4 Analytical procedures 

 The nitrogen, lipid and energy contents of the diet components were analysed. Nitrogen content 

was measured with the Kjeldahl procedure using the semi-automatic Pro-Nitro S system (JP Selecta, 

Abrera, Spain), whereas lipid content was measured using a solvent extraction method (trichloro 

methane/methanol, 2:1 v/v), as previously described.[24] Total energy content was determined using a 

calorimetric bomb (C7000, Ika, Staufen, Germany). These procedures were also used for carcass lipid, 

protein and energy measurements. Benzoic acid standards were used for calibration. 

 

2.4.1 Fatty acid analyses 

Lipids from ground food samples were extracted overnight with the trichloro methane/methanol 

(2:1 v/v) and processed for fatty acid analysis as previously described.[25] Briefly, samples were suspended 

in 10% boron trifluoride (Fluka, Buchs, Switzerland) in methanol, and were stored in the dark at 4ºC for 

12 h. Hexane and water were added. After mixing, the whole organic phase was extracted, filtered and 

dried. The residue was dissolved in hexane (Panreac, Castellar del Vallès, Spain) and the samples were 

analysed with a CG-MS system (QP2010 Shimadzu, Kyoto, Japan), using a SP-2560 Supelco column 

(Supelco, Bellefonte, PA, USA). An extended methylated fatty acid mixture (Supelco FAME mix C4-C24) 

was used as the standard. Calculations were performed using the Shimadzu FASST for GC-MS software 

(version 2). Rates of recovery of lipids (and of fatty acid samples) were determined using internal 

standards of bis-C17:0 diacylglycerol (Sigma). 

 

2.5. Statistical analysis 

Energy intake was calculated from daily food consumption, which was converted using the energy 

equivalence of the different foods and components measured with the calorimeter bomb. Lean mass was 

calculated by subtracting lipid content from total weight. Lean mass increases were estimated using 

reference data from our previous studies using rats of the same stock, age and sex. [26,27] Fat and protein 

intakes were calculated from total food intake, corrected for the respective protein or lipid content. 

Statistical comparisons were performed using fixed-effect two-way ANOVA (sex, diet and their 

interaction) and post hoc Bonferroni tests, using the Prism 5.0 software (GraphPad Software Inc, La Jolla, 
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CA, USA). Differences obtained with ANOVA or the Bonferroni test were considered statistically significant 

when the p value was < 0.05. Comparison between groups using Bonferroni's post-hoc test: differences 

between groups are represented by different superscript letters (capital letters for males, and low case 

for females). 

Correlations between different parameters were determined by linear regression analysis using 

the same program, applying a 95% confidence interval and the value of the Pearson correlation 

coefficient.  

 

3. Results 
 Table 1 shows the nutrient composition of the diets. The values for the CAF diet were obtained 

from actual consumption data and were close to those of the designed overall nutrient content. Both the 

crude and digestible energy contents were higher in the HF diet, since its energy content per g was higher 

than those of the SD, HP and CAF diets. The CAF diet had the lowest crude energy value because of its low 

fibre content and high milk (i.e. high water) intake, although its digestible energy content was akin to that 

of the SD diet. Fat content was similar for the CAF and HF diets and was 3-fold higher than those of the 

SD and HP diets. The HP diet showed the highest proportion of proteins, whereas its lipid content was 

similar to that of the SD diet. The HF diet was the richest in C12:0+C14:0 fatty acids, followed by the CAF 

diet. 

Energy intake, energy accrual and weight increase are shown in Figure 1. Marked differences 

between the dietary groups were found in all the analysed parameters. Groups fed the CAF diet showed 

the highest energy intake and energy accrual, as well as increases in weight and lean mass. Differences 

between the sex groups were also significant, with higher values for males; however, the energy cost of 

accrual was higher in females, with differences becoming significant for the HF and CAF groups. 

Dietary treatment caused differences in (cleaned) gut weight, the values for all the female groups 

were significantly lower compared to their controls, whereas males showed lower values only for the HF 

diet (Table 2). Rats fed the CAF diet presented increased weights in WAT locations and in total WAT levels, 

whereas there were no differences for the HF groups with respect to controls. Liver weight showed no 

differences between the groups although its size was obviously higher in males than in females (their body 

weight was also greater). The HP diet did not significantly affect the weight of the other organs studied, 

except for interscapular brown adipose tissue, which had a significantly lower weight compared to those 

of rats on the SD diet (in both sexes), and for WAT from several locations in females. 

Figure 2 shows the lipid intake, body lipid content and lipid balances among the different groups. 

The HF and CAF groups showed higher lipid intake and body lipid content than the SD group. However, 

only the females of the CAF group showed increases in relative lipid content, together with decreases in 
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this parameter for the HP groups. The lipid balance values were highest in the CAF groups and presented 

the lowest values in the HP groups. The relative efficiency of direct lipid accretion was the highest in the 

SD groups, although males were more efficient than females in the HF and HP groups. 

Figure 3 shows the data on protein intake. The HP and CAF groups showed the largest differences 

when compared to the SD group. However, the body protein content showed only slight differences 

between males, while there were no differences at all between the female groups. The extent of protein 

balance was markedly lower in the HF groups and in females fed the HP diet. As with lipids, protein 

accretion efficiency showed maximal values in the SD groups. 

Energy and lipid accrual correlated (directly) with ingested energy, ingested lipid, and ingested 

carbohydrate levels (Figure 4) but did not correlate with ingested protein levels. Energy accrual also 

correlated inversely with fibre intake. Protein accrual only correlated (directly) with ingested protein and 

ingested carbohydrate and ingested fibre levels. We combined the data from the male and female rats to 

obtain these correlations in order to simplify the presentation, since the statistical significance of the 

correlations was the same when these populations were considered separately. Furthermore, the lipid 

content of animals correlates directly with the intake of lipids (p<0.0001), carbohydrates (p=0.0001) and 

energy (p=0.0008), in a way similar to  the correlations shown when compared with lipid accretion. On 

the contrary, there was no correlation with protein intake (p=0.1779), and an inverse correlation with 

fiber intake (p=0.0090). 

 

4. Discussion 

 
High-fat diets usually imply a potential increase in energy consumption and, consequently, elicit 

an increase in energy reserves that facilitates the development of obesity.[11,28,29] This, depending on the 

duration of the dietary treatment, can be partly counterbalanced by an increase in satiation caused by 

the lipids themselves;[30] and may also influence the extent of weight gain. [11,31] In this work, the ingestion 

of a diet enriched with mainly saturated fats (coconut oil), containing a fat percentage ten times higher 

than that of the standard diet, did not cause per se an increase in the amount of energy ingested or 

significant variations in body weight (compared with controls fed the SD diet) during the period studied. 

This fact is consistent with previous data [32] and might be explained in part by the presence of lauric acid, 

which has been found to decrease food intake.[33,34] These results, however, contrast with the effects 

elicited by high-carbohydrate or cafeteria diets[35] containing comparable proportions of energy derived 

from lipids, which have been reported to markedly increase weight, especially that of adipose tissue. Thus, 

these differences should be, mainly, a consequence of factors other than the type of fat used. It has been 

observed that palatability has notable effects on weight, especially if the contents of sucrose and salt are 
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high, such as in cafeteria diets.[10]  Although these effects are similar in males and females, there is a higher 

cost of energy accrual in females on all diets, including the standard diet, which can be partly due to their 

different size, as previously described.[36]  

The observed increase in white adipose mass in the CAF groups implies that the excess energy 

from lipid energy intake is partly used to increase inordinately the accumulation of fat. However, fat alone 

could not be the explanation, since the excess dietary fat was not stored in HF group, probably being 

oxidised for energy instead.[37] These results show that a high-fat intake does not imply by itself a higher 

lipid balance. In fact, rats fed the standard diet were more efficient in managing dietary lipids for fat 

accretion when compared with the HF groups. Since a higher intake of saturated fatty acids has been 

associated with lower diet induced thermogenesis [38] and given that coconut oil has been found not to 

increase the metabolic rate,[39] we assume that the HF groups used the excess dietary fatty acids as a main 

source of energy, thus compensating for the relatively lower intake of carbohydrates of the SD group 

controls. In the CAF groups, however, excessive energy intake (lipid, carbohydrate and protein) allowed 

them to obtain more than enough energy to function, to increase thermogenesis [40] and to increase both 

lean and adipose masses despite (or because of) their low efficiency of lipid accretion. 

The effects of the high-protein diet on food intake, balances and energy accretion were limited 

and could only be attributed to the effect of protein per se, with possibly only a limited influence of the 

other macro-components of the diet. The results obtained with this diet indicated that a significant excess 

of protein (alone) was not enough to induce marked changes in body composition, especially with respect 

to lipid accretion. The satiating effect of protein [41] did not seem to be enough to alter, for instance, total 

adipose weight. The cause of this apparent lack of effects may be a consequence of the relatively short 

treatment period (four weeks) used, as well as the nature of the protein used.[41] This would be in line 

with the use, in humans, of high-protein diets for the treatment of obesity[42] in contrast to the high 

obesogenic effect induced by cafeteria diets. Marked effects on body weight and composition can be 

detected after only two weeks of treatment using other dietary strategies and higher-protein contents.[43] 

The tendency of the HP groups to lower their energy intake was confirmed by the decrease in the extent 

of lipid balance (although lean body mass was maintained), which resulted in a significantly lower lipid 

accretion efficiency in females. These tendencies, although not significant, together with the smaller size 

of  fat depots are consistent, at least in females, with the widely described decreases in fat mass observed 

when high-protein diets are used.[44]  

The low protein balance observed in the HF groups, especially in males, did not seem to indicate 

protein deficiency, but equilibrium. The lack of changes (i.e. vs. SD controls) in both body weight and lean 

mass suggest that there was no protein deficiency, also proven by the high efficiency of their accretion. 

These results confirmed, albeit indirectly, that our high-fat diet (and the high-protein diet) [45] allowed us 
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to analyse the effects of the selected dietary macronutrient, with less interference coming from changes 

in the other components, thus minimising the effects of possible variations in diet composition and 

allowing for transversal comparisons. 

If we assume that a large part of fat accretion corresponds mainly to deposited lipids in adipose 

tissue, [46] the difference between the CAF and HF groups was extreme and cannot be explained by dietary 

lipids alone. Thus, lipid content per se could not be the main factor involved in energy partitioning (at least 

for fatty acids), indicating the involvement of other factors. There was a clear relationship between lipid 

and carbohydrate ingestion and energy accrual (largely lipid), whereas protein accrual did not depend 

either on energy or lipid intake. Thus, our results suggest that excessive energy might be used for adipose 

accrual,[47] with other key factors, such as the composition of the lipids, amount of carbohydrates or 

palatability,[10] strongly (further) affecting energy partitioning.  

 In spite of the inverse correlation between fibre content and energy accrual, we must consider 

that fibre does not interfere absorption, especially that of lipids, since lipid accretion efficiency (Figure 2) 

was higher for SD and HP diets, which show higher fibre content.  

The fact that protein accumulation was only related to the intake of proteins and carbohydrates 

(but not to the overall intake of energy or lipids) needs further analysis and should be extended to 

humans. The results from the diets used here, which allowed us to differentiate the effects induced by 

different macronutrients (in rats), can have important consequences if extrapolated to humans.[48] The 

habit of ingesting large amounts of high-quality protein in parallel to exercising does not seem to be the 

best way of increasing muscle mass, based on the data from this study (and overall real-life experience), 

although it has been recommended in humans. [49] Perhaps, it may be more advisable to increase the 

intake of both proteins and carbohydrates in parallel to a decrease of lipid ingestion. The well-known 

obesogenic effects of short-chain carbohydrates [50] also suggests that it is advisable to consume foods 

with a low glycaemic index.[51] In summary, the natural mix of proteins, polysaccharides and fibre from 

many plant-based foods could achieve a balanced maintenance of lean body mass (i.e., muscle), avoiding 

the obesogenic effects of nutrient combinations in which the percentage of the different classes plays a 

critical role on energy partition, and taste tends to affect more the control of total energy intake. The 

interconnexion of both mechanisms often induces insufficiently sustained counsel on the selection of 

metabolically healthy diets. 

In conclusion, the use of different diets with similar energy contents but varying lipid or protein 

contents (i.e. 40% of available energy as a maximum) substantially affected energy partitioning. Dietary 

lipids were not essential for sustaining increases in body lipid contents or adipose tissue masses. Protein 

accrual was dependent on protein intake and independent of lipid (and of overall energy) intake. 

Furthermore, in the present experimental set up, males were more efficient than females in both lipid 

and protein accrual. 
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Figure legends 
 
Figure 1. Energy intake, energy accrual and weight increase. Data are the mean ± SEM of six to eight 
animals per group.  
White bars: standard diet (SD); black bars: high-fat diet (HF); dashed bars: cafeteria diet (CAF); and lattice 
bars: high-protein diet (HP). Statistical differences between groups: two-way ANOVA (D, diet; S, sex; I, 
their interaction). Only the significant values are shown. Bonferroni post-hoc test: different letters 
represent statistically significant differences between groups of the same sex.  
 
Figure 2. Lipid intake, body lipid content and lipid balance. Data are the mean ± SEM of six to eight animals 
per group. 
 White bars: standard diet (SD); black bars: high-fat diet (HF); dashed bars: cafeteria diet (CAF); and lattice 
bars: high-protein diet (HP). Statistical differences between groups: two-way ANOVA (D, diet; S, sex; I, 
their interaction). Only the significant values are shown. Bonferroni post-hoc test: different letters 
represent statistically significant differences between groups of the same sex. 
Figure 3. Protein intake, body protein content and protein balance. Data are the mean ± SEM of six to 
eight animals per group.  
White bars: standard diet (SD); black bars: high-fat diet (HF); dashed bars: cafeteria diet (CAF); and lattice 
bars: high-protein diet (HP). Statistical differences between groups: two-way ANOVA (D, diet; S, sex; I, 
their interaction). Only the significant values are shown. Bonferroni post-hoc test: different letters 
represent statistically significant differences between groups of the same sex. 
 
Figure 4. Relationships between energy, lipid or protein accrual and energy, lipid, protein or carbohydrate 
intake. Relationships between total fibre intake and energy or protein accrual. 
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Table 1. Diet composition and diet components    

 
Standard 
diet (SD) 

High-fat diet 
(HF) 

Cafeteria 
diet* (CAF) 

High-protein 
diet (HP) 

Crude energy content (kJ/g) 16.5 18.8 12.4 ± 0.2 17.4 

Digestible energy content (kJ/g)  12.1 14.6 12.0 ± 0.1 12.4 

 

 
Gross Composition (%)     
Protein 14.3  11.6  7.96 ± 0.4 28.7 
Lipid  4.0  13.4  11.6 ± 0.9 3.89 
Carbohydrate 48.0  39.1  31.7 ± 0.5 33.7 
Fibre 18.0 14.6 2.79 ± 0.2 12.9 

 

 

 

 

 

 

 

Ashes 4.70 3.82 2.79 ± 0.1 3.30 
Moisture 6.90 12.4 47.2 ± 1.2 12.3 
     
Food components of diet (g/kg) 
components (g/kg) 

    
Chow pellet 1000 901 113 ± 8 804 
Coconut oil  99   
Gelatine    100 
Casein    87 
Bacon   123 ± 1.1  
Cookies (plain)   209 ± 15  
Liver Paté   126 ± 13  
Cow’s milk (full-fat)   335 ± 25  
Sunflower oil    9 
Sucrose   101 ± 12  
     
% energy derived from nutrients     
Protein 19.3  14.5  11.7 ± 0.4      40.4 
Lipid 12.5   36.8   39.5 ± 0.9 11.6 
Carbohydrate 67.1   48.6   48.5 ± 0.5 47.7 
Sugars (as % of carbohydrate) 

carbohydrates) 

<1  <1  24.1 ± 0.5 <1 

Lipid/Protein ratio 0.625  2.53  3.39 ± 0.2 
 

0.29 

Mean Fatty acid content (% of total) 
Saturated 25 74 55 25 
C12:0 + C14:0 2 53 22 2 
Monounsaturated 14 19 35 14 
C18:1 13 19 33 13 
Polyunsaturated 61 5 12 61 
C18:2 56 56 11 55 

 

 

 

*Data obtained from the food consumption data of the animals fed cafeteria diet (mean male values). 

  

Intake differences between male and female animals were not statistically significant. 

    
Intake differences between male and female animals were not statistically significant.     
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FIGURE 1 
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FIGURE 2 
 
 
 



17 
 

FIGURE 3 
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FIGURE 4 
 
 



19 
 

Table 2. Weight (absolute and relative) of different tissues after dietary treatment.  
 
organ units    MALES        FEMALES            ANOVA 
  SD diet  HF diet  CAF diet  HP diet  SD diet  HF diet  CAF diet  HP diet  
Liver g 15.9 ± 1.6A 13.1 ± 0.3A 16.7 ± 0.9A 15.1 ± 0.1A 8.56 ± 0.51a 8.14 ± 0.21a 8.16 ± 0.24a 7.66 ± 0.37a     D S 
 % b.w. 3.71 ± 0.16A 3.02 ± 0.05B 3.54 ± 0.03A 3.41 ± 0.08AB 3.11 ± 0.13A 3.02 ± 0.05a 2.81 ± 0.05a 3.16 ± 0.01a     D S I  
Gut g 6.84 ± 0.7A 4.97 ± 0.3B 6.34 ± 0.2A 6.91 ± 0.3A 5.96 ± 0.36a 3.89 ± 0.09b 4.87 ± 0.13c 4.79 ± 0.22bc    D S 
 % b.w. 1.62 ± 0.07 1.14 ± 0.08B 1.35 ± 0.04AB 1.56 ± 0.05A 2.19 ± 0.18a 1.48 ± 0.08b 1.78 ± 0.09ab 1.87 ± 0.07a     D S 
Adipose Tissue: White: (perigonadal PG, retroperitoneal RP, mesenteric ME, total WAT); Brown (interscapular BAT) 
  PG  g 7.88 ± 0.74A 6.28 ± 0.42A 11.1 ± 0.5B 6.96 ± 0.7A 6.97 ± 0.31a 5.11 ± 0.27a 11.0 ± 0.9b 5.37 ± 1.05a     D 
 % b.w. 1.86 ± 0.10A 1.43 ± 0.07AB 2.36 ± 0.05AC 1.57 ± 0.15A 2.54 ± 0.12a 1.94 ± 0.10a 3.78 ± 0.24b 2.17 ± 0.34a     D S I  
  RP-g  8.90 ± 1.03A 7.47 ± 0.64A 12.6 ± 1.0B 7.36 ± 0.7A 4.21 ± 0.56a 3.49 ± 0.41ab 6.10 ± 0.52c 2.36 ± 0.25b     D 
 % b.w. 2.10 ± 0.17A 1.71 ± 0.13AB 2.69 ± 0.19AC 1.65 ± 0.15A 1.52 ± 0.16a 1.33 ± 0.15ab 2.10 ± 0.14ac 0.94 ± 0.08a     D S 
  ME g  5.41 ± 0.6A 5.75 ± 0.35AB 7.19 ± 0.11B 5.03 ± 0.4A 4.42 ± 0.42ab 4.07 ± 0.21ab 5.94 ± 0.53a 3.26 ± 0.66b     D S 
 % b.w. 1.27 ± 0.09A 1.31 ± 0.05A 1.54 ± 0.08A 1.13 ± 0.08A 1.59 ± 0.12a 1.55 ± 0.07a 2.05 ± 0.13ab 1.41 ± 0.22ac   D S 
  WAT g 22.2 ± 2.1A 19.5 ± 1.3A 30.9 ± 1.3B 19.4 ± 1.7A 15.6 ± 1.2a 12.6 ± 0.7a 23.1 ± 1.8b 11.0 ± 1.89a     D S 
 % b.w. 5.24 ± 0.29A 4.45 ± 0.11A 6.60 ± 0.03B 4.35 ± 0.36A 5.65 ± 0.35a 4.83 ± 0.23a 7.93 ± 0.43b 4.53 ± 0.62a     D S 
  BAT g 0.55 ± 0.1AB 0.56 ± 0.05AB 0.68 ± 0.03A 0.35 ± 0.1B 0.65 ± 0.07a 0.46 ± 0.03b 0.60 ± 0.04a 0.31 ± 0.09b       D 
 % b.w. 0.13 ± 0.01A 0.13 ± 0.01A 0.23 ± 0.05B 0.08 ± 0.01A 0.24 ± 0.02a 0.18 ± 0.03ab 0.21 ± 0.02a 0.11 ± 0.04b     D S I  
 
Data are shown (total weight [g], or percentage of body weight [% b.w.]), as mean ± SEM. Comparisons were established by two-way ANOVA analysis. Only significant p-values for 
diet (D), sex (S), or interaction (I) between diet and sex: p < 0:05 are shown. Comparisons between groups (rows) were established using the Bonferroni's post-hoc test: differences 
between groups are represented by different superscript letters (low case letters for females and capital letters for males). 
 
 
 
 


