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Abstract 

Knowledge of Metabolizable Energy (ME) and Digestible Energy (DE) of any food is an essential tool in weight loss/gain 

program. This study was conducted to determine the value of spent and unspent energy of some randomly franchised fast foods 

(FF) using albino rats. Seventy-eight (78) albino rats were fed ten FFF using a randomized block experiment. Feces and urine from 

each rat were collected daily in triplicate and analyzed for DE and ME using standard laboratory procedures. The animals were 

sacrificed after an overnight fast and some internal organs were weighed. Data were analyzed using descriptive statistics, analysis 

of variance and Pearson Product Moment Correlation (PPMC). Daily energy intake of rats ranged from 58.5 to 124.54 kcal. ME 

and DE value ranged from 9.03 to 44.44 kcal and 11.22 to 45.28 kcal respectively. ME was significoo 8.41 g and 4.54 to 7.92 g 

respectively. Average weekly weight gain of rat models ranged from 8.68 to 11.93 g. PPMC for liver weight of rat models 

correlated significantly with zinc intake (r= 0.433; P≤0.05). Fast foods are good sources of digestible energy which might be useful 

in programs requiring use of foods high in unspent energy. 
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Introduction 

Improper dietary or food habits especially consumption of 

high caloric foods versus inadequate corresponding energy 

output has been associated with excessive weight gain coupled 

with genetic susceptibility can result in development of health 

problems associated with poor diet (Martinez, 2000) [48]. Gross 

[GE], Digestible [DE], and Metabolizable [ME] energies are 

all specific terms associated with the energy value of food; 

Fecal [FE] and Urinary [UE] energies are the energy value 

from a food that is excreted (Miller and Judd, 1984 [52]; 

Livesey, 1991) [44]. The potential energy a food supplied after 

complete oxidation of the organic matter in food is known as 

gross energy (GE), whose amount depends on the proportion 

of calories supplied by macronutrients in food; when fecal 

energy losses are discounted from GE, the apparent digestible 

energy content of food (DE) is obtained and ME represents 

DE less energy losses in urine and gases (Castrillo et al., 

2009) [14].  The FE and UE excretion in healthy persons 

generally accounts for at least five to ten percent of the total 

energy from the diet; the energy lost from excretion is 

determined by the food eaten and the endogenous or metabolic 

fecal and urinary nitrogen from the breakdown of bodily 

components (Kleiber, 1975 [40]; Garcia, 2003) [31]. Thus, 

investigating the various nutritional components of fast foods 

in relation to energy spent and unspent are necessary since 

foods consumed contain various constituents that work 

together to aid or hinder the development of diseases. In this 

study animal models have been used to assess the ME and DE 

of snacks. 

Materials and Methods 

Study Area 

The study area is South-Western, Nigeria. Nigeria is made up 

of six geo-political zones with a total of 36 states and the 

Federal Capital Territory. The south west zone comprises of 

six states (Lagos, Ekiti, Ondo, Oyo, Ogun and Osun) with an 

estimated population of 28 million people (NPC, 2009). The 

study areas are Ikeja the capital of Lagos State, Abeokuta the 

capital of Ogun State and Ibadan the capital of Oyo State. 

 

Sampling Procedures 

A randomized block experiment was used where seventy-

eight, ten weeks old albino rats were housed initially in 

individual plastic cages with wire meshes bottoms. All rats 

were kept on a 12-hour light/dark regimen (0700 hours light/ 

1900 hours dark) with free access to food and water. The rats 

were placed in the plastic metabolic cages for a one-week 

acclimation period before data collection was initiated at week 

two. All rats were fed the control (a commercial rat chow) diet 

non-meat based [NMB] for the first two weeks (week1 and 

week2).  

 

Formulation of Feeds 

A snack was selected randomly each from ten different fast 

food outlets in three south-western states in Nigeria; five non-

meat based [NMB] and five meat based [MB] snacks.  These 

snacks [FF] were freeze-dried and pin milled to 100 meshes in 

standard particle size according to Eunmi and Jinho, (2015) 
[22];  
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and coded as follows: B30S  [NMB]), doughnut 1; C30R 

[NMB], doughnut 2; S30T [NMB], doughnut 3; S60T [NMB], 

popcorn; T30R [NMB], doughnut 4 ; B40S [MB], scotched 

egg; T20R [MB], sausage roll 1; S20T [MB], sausage roll 2; 

C50R [MB], chicken pie and T10R [MB], meat pie.  

 

Adaptation, Data Collection and Sacrifice 

The rats were stratified by weight and assigned randomly to 

one of four treatment groups: baseline (n=6), control (n=6), 

reference (n = 6) and Fast Foods [FF] (n=60) rats and was 

subjected to two weeks adaptation period; all four groups were 

fed the commercial rat chow during this period. After the 

adaptation period i.e. week three(3), the baseline and the 

control rats were fed commercially produced rat chows 

(normal rat chow), the reference group were fed  

commercially rat chow for growth which has a high protein 

content and the FF rats groups were fed the formulated feeds 

(each selected feed per group).  

After the adaptation periods, the study was carried out in 

twelve weeks (six metabolic periods) i.e. week 3 through 

week 14 (Garcia, 2003) [31]. Feces and urine were collected 

from each rat in a metabolic cage daily at 08:00 hours. Each 

urine collection tube contained 1 ml of 10% HCl, which was 

added to reduce nitrogen loss in the urine (Ozelci and 

Leveille, 1997) [55]. The collected feces sample was sprayed 

with 0.5N sulfuric acid and dried for 48 hours at 75°C, then 

crushed and stored at –10°C to prevent decomposition and the 

volatilization of nitrogen content (Eunmi and Jinho, 2015) [22]. 

 Food intake for baseline, control, reference and FF groups 

were recorded daily. Body weight, in grams, was measured 

and recorded daily for all rats. The baseline group was 

sacrificed after an overnight fast prior to the beginning of the 

metabolic periods (Garcia, 2003) [31]. The baseline group was 

included in this study to show differences in energy 

accumulation of the control, reference and FF group carcasses 

throughout the six metabolic periods (Garcia, 2003 [31]; Chiem 

et al., 2009). The control, reference and FF rats were fasted 

overnight, weighed and sacrificed after Metabolic Period 6 

(Week 14). 

Energy from FF, reference and control diet, feces, urine, and 

carcasses were determined using the bomb calorimeter (Parr 

1722 Bomb Calorimeter, Moline, IL). GE measurements from 

the bomb calorimeter were used to determine the DE and ME 

of the control diet, the reference and FF component. Baseline 

rat data was used to determine the total energy gained by 

control, reference and FF rats. 

Livesey (1989) established a calculation for determining the 

Digestible (DE) and metabolizable energy (ME) of a 

component within a diet: ME= Gross intake energy – (gross 

fecal energy + gross urine energy) [Energy value was recorded 

in kcal]. DE= Gross intake energy - gross fecal energy, 

[Energy values was recorded as kcal]. 

The heat of combustion and the total GE values for the 

baseline, control, reference and FF groups were compared to 

obtain the energy retained within the tissues of the rats. The 

average GE value for the baseline was subtracted from each 

individual rat in the control, reference and the FF group to 

provide the value of GE gained (Garcia, 2003 [31]; Chiem et 

al., 2009). The nutrient composition of these feeds were 

carried out separately using standard laboratory procedures, 

but was not presented as tables in this study, but was 

correlated with the outcome of the aim of correlated with the 

outcome of the aim of this study. 

 

Results and Discussion  

Results 

Table 1 shows the metabolizable and digestible energies of 

rats fed sample snacks. Urinary energy was significantly 

higher in the MB groups in comparison with the NMB group, 

whereas; fecal energy was significantly higher in the NMB 

group in comparison with the MB group. Likewise ME and 

DE were significantly higher in the NMB group in comparison 

with the MB group.  Average feed intake within the B40S-fed 

group was constant throughout the 6 metabolic periods such 

that the weight of actual intake was ≥28g within the non-meat 

based group, S60T-fed group maintained a high value of ≥27g 

throughout the study period with S30T- fed group exhibiting a 

haphazard value of actual feed throughout the study period.  

 
Table 1: Metabolizable and digestible energy of feeds 

 

Rats fed diet Urinary energy (kcal) Fecal energy (kcal) GE (kcal) ME (kcal/g) DE (kcal/g) Net energy (kcal) Av intake daily(Kcal) 

B30S          NMB 1.00c±0.20 84.16a±0.37 115.66b±2.00 3.05bc±1.54 3.15bc±1.63 62.28b±2.00 113.84b±0.49 

C30R          NMB 0.90c±0.08 82.46ab±0.90 114.95b±3.07 3.16b±1.82 3.25b±2.41 61.57b±3.07 113.67b±0.76 

S30T           NMB 0.52cd±0.03 83.63a±6.12 111.69b±0.51 2.75bcde±6.60 2.81bcd±6.55 58.30b±0.51 109.45b±0.20 

S60T           NMB 0.83c±0.62 79.01bc±3.80 124.54a±2.57 4.44a±5.34 4.53a±5.81 71.17a±2.59 114.18a±0.58 

T30R          NMB 0.52cd±0.04 76.90cd±0.82 116.28b±0.86 3.90a±1.16 3.95a±1.19 62.90b±0.86 113.56b±0.19 

B40S         MB 2.22a±0.02 68.29f±0.91 79.55d±0.51 0.90g±1.19 1.12f±1.24 26.17d±0.51 76.88cd±0.19 

T20R         MB 1.70b±0.03 74.06de±0.65 99.33c±0.55 2.36def±0.90 2.53bcde±0.92 45.95c±0.55 97.66bc0.15 

S20T         MB 1.70b±0.05 71.18ef±0.76 100.35c±1.04 2.75bcde±1.24 2.92bcd±1.21 46.97c±1.04 98.86bc±0.29 

C50R        MB 1.48b±0.13 36.14i±0.22 58.55f±1.70 2.09ef±2.05 2.24de±1.92 5.16f±1.70 56.66e±0.80 

T10R         MB 1.70b±0.04 44.07h±0.58 63.99e±2.74 1.82f±2.13 1.99e±2.17 10.61e±2.74 62.99d±1.20 

Control       NMB 0.05d±0.02 21.25i±0.46 45.92g±9.78 2.43cdef±0.96 2.44cde±0.96 -7.46g±5.77 
41.29f±3.1854.49e±0.18 

Reference   MB 2.22a±0.04 49.27g±0.77 54.60f±0.55 0.31g±0.12 0.53f±0.12 1.22f±0.55 

Baseline    NMB 0.63d±0.03 21.29j±0.47 3.38f±2.32 3.14bc±0.19 3.15bc±0.19 NA 48.76ef±0.76 

 abcdefghij Means along the serial column with different superscripts have significant difference (p˂0.05)            

 

The average weight gain during the metabolic periods as 

shown in plate 1, revealed a peak in C30R-fed group. At the 

beginning of the metabolic periods, there appeared to be no 

significant difference between all groups, but at the end of the 

6 metabolic periods, there were significant difference across 

all groups with the control and reference group having the 

least total weight but with no significant difference. Animals 

in the FF groups continued to gain weight and were heavier 
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than control animals throughout the study period. 

 

 
 

Fig 1: Average weekly weight gain of rat models 

 

Table 2 shows the average and total weight gain of the rat 

models with both NMB and MB groups having no significant 

difference in initial weight. There were variations in average 

and the overall weights among groups.  

 
Table 2: Weight gain of rat models in grams 

 

Rats fed diet Initial weight(g) Final weight (g) Total weight gain (g) 

B30S          NMB 111.11a±21.66 216.52ab±29.89 105.41bc±10.47 

C30R          NMB 117.74a±13.26 260.92a±57.69 143.18a±44.52 

S30T           NMB 121.61a±21.80 229.17ab±18.57 107.56bc±6.36 

S60T           NMB 88.66a±21.17 200.30bc±16.15 111.56bc±5.75 

T30R           NMB 110.50a±5.76 228.59ab±25.09 118.08abc±19.47 

B40S           MB 92.32a±30.26 196.52bc±29.30 104.19c±4.86 

T20R           MB0 107.06a±35.49 229.06ab±40.84 122.03abc±5.34 

S20T            MB 102.97a±3.67 229.87ab±7.39 126.90abc±10.07 

C50R           MB 94.09a±17.09 226.54ab±12.63 132.45ab±4.47 

T10R            MB 120.35a±20.55 247.27ab±21.36 126.92abc±3.25 

Control         NMB 83.66a±8.01 139.33de±8.23 55.67d±3.32 

Reference      MB 100.86a±21.07 158.88cd±21.64 58.01d±0.67 

Baseline        NMB 98.09a±4.54 107.81e±4.02 9.27e±0.64 
abcde Means along the serial column with different superscripts have significant difference (p˂0.05)   

 

Table 3 shows the weight of internal organs of rats fed the 

different samples. There was significant difference (P≤0.05) in 

rats fed the same sample snack but obtained from different 

fast foods centers. C50R-fed groups had no significant 

difference (P≤0.01) compared with the control group in GIT 

length. Heart weight in most groups had no significant 

difference (P≤0.01) with the highest being within the C50R-

fed group. Caecum weight proved to be highest in the control 
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group and lowest in the baseline group. Within the meat based 

group, C50R-fed had the highest Caecum weight; within non-

meat based group S60T-fed group had the highest Caecum 

weight. Liver weight was highest in the C50R fed group with 

the baseline group exhibiting the lowest value. There was no 

significant difference (P≤0.01) in kidneys weight in the non-

meat based groups;  

Kidneys weight was highest in reference group. There was no 

significant difference (P≤0.01) in stomach weight in all groups 

except the baseline group having the lowest value. Physical 

abdominal fat accumulation was significantly different 

(P≤0.05) across all groups, but there appeared to be no 

significant difference (P≤0.01) between the control and 

baseline groups.  

 
Table 3: Weight of internal organs of the rat models 

 

Rats Heart[g] Caecum [g] Liver [g] Kidneys [g] GIT [g] Stomach [g] White fat [g] 

B30S          NMB 0.60ab±0.07 2.12bcde±0.85 6.036abc±1.35 1.04ab±0.10 7.84abcd±0.35 3.21a±0.89 7.90ab±0.60 

C30R          NMB 0.56b±0.35 2.02cde±0.50 5.29abc±1.08 0.98ab±0.16 8.63a±0.42 3.32a±0.13 6.99b±0.43 

S30T           NMB 0.78ab±0.08 2.29bcde±0.81 6.76abc±0.96 1.15ab±0.18 8.55ab±0.83 3.05a±0.11 6.77b±0.79 

S60T           NMB 0.61ab±0.18 2.98abcd±1.60 4.71abc±0.76 0.98ab±0.12 6.90cde±0.36 3.28a±0.43 4.69c±0.81 

T30R          NMB 0.64ab±0.05 1.91cde±0.37 7.87ab±3.15 1.13ab±0.16 7.79abcd±0.28 3.32a±0.25 8.41a±0.44 

B40S           MB 0.55b±0.21 1.66cde±0.72 5.91abc±0.53 1.20ab±0.46 7.73abcd±1.19 3.17a±0.27 6.71b±0.34 

T20R           MB 0.74ab±0.16 1.64cde±0.19 4.54bc±0.92 0.98ab±0.13 7.77abcd±1.05 3.32a±0.18 7.64ab±1.07 

S20T           MB 0.52b±0.09 1.48de±0.45 4.93abc±0.60 1.36a±0.53 8.60a±0.55 2.97a±0.16 7.39ab±0.43 

C50R          MB 0.90a±0.07 3.07abc±0.91 7.92a±2.71 1.03ab±0.12 8.12abc±1.02 3.10a±0.91 7.62ab±0.93 

T10R           MB 0.74ab±0.14 2.05cde±0.29 6.30abc±1.38 1.14ab±0.17 8.45ab±0.09 3.29a±0.41 7.32ab±0.84 

Control       NMB 0.61ab±0.04 4.31a±0.28 6.18abc±0.26 1.09bc±0.12 7.17bcd±0.37 3.40a±0.44 3.19d±0.31 

Reference    MB 0.60ab±0.02 3.56ab±0.74 7.11ab±2.93 3.99a±1.26 6.68de±0.30 3.33a±0.49 1.30e±0.08 

Baseline       NMB 0.60ab±0.01 1.27e±0.13 3.59c±0.59 0.61c±0.50 5.74e±0.37 1.63b±0.20 3.43d±0.37 
abcde Means along the serial column with different superscripts have significant difference (p˂0.05)   

 

Table 4 shows an inverse correlation between average feed 

intake and dietary fiber (r=-0.587, P≤0.01) and positively 

correlates with fat content (r=0.583, P≤0.01). There was 

significant difference (p≤0.05) within the baseline group when 

compared to other FFF groups in fecal output. There was no 

significant difference in the control and reference group, but 

when compared with the FFF groups a significant difference 

was observed. Fecal output of T30R-fed group [meat based 

group was <1g per day throughout the study period. Fecal 

energy correlated inversely with moisture content of feeds (r=-

0.367, 

 P≤0.05); directly with fat content (r=0.598, P≤0.01) and with 

gross energy of feeds (r=0.759, P≤0.01). Urinary energy 

showed a strong correlation with protein content of feeds 

(r=0.832, P≤0.01); with moisture content of feeds (r=0.546, 

P≤0.01) and inversely with carbohydrate (r=-0.674, P≤0.01) 

and gross energy (r=-0.448, P≤0.01). Metabolizable energy of 

feeds correlated with protein content of feeds (r=0.799, 

P≤0.01) and with gross energy of feeds (r=0.642, P≤0.01). 

Digestible energy correlated with protein content of feeds 

(r=0.776, P≤0.01) and with gross energy of feed (r=0.693, 

P≤0.01). 

 
Table 4: Correlation of proximate composition, metabolizable and digestible energy of feeds 

 

 Moisture Dry matter Fat Ash D fiber Protein Carbohydrate G energy 

Av Fd intake 0.291 -0.290 0.583** -0.195 -0.587** -0.212 -0.312 0.158 

Fecal energy -0.367* 0.369* 0.598** 0.013 -0.232 0.066 0.207 0.759** 

Urine energy 0.548** -0.547** 0.124 -0.225 -0.270 0.832** -0.674** -0.448** 

G eng intake -0.482** 0.483** 0.483** 0.164 -0.106 0.365* 0.384* 0.825** 

M. energy -0.526** 0.525** 0.085 0.375* 0.169 0.799** 0.584** 0.642** 

D. energy -0.512** 0.511** 0.096 0.375* 0.159 0.776** 0.564** 0.639** 

** Correlation significant at P≤0. *Correlation significant at P≤0.05 

 

Table 5 shows a correlation between dietary fiber content of 

feeds and caecum weight of rat models (r=0.607, P≤0.01) and 

GIT weight (r=0.626, P≤0.01). An inverse correlation was 

observed between dietary fiber and physical abdominal fat (-

0.764, P≤0.01); dietary fiber and average feed intake (r=0.587, 

P≤0.01). Protein consumption correlated with kidney weight 

(r=0.606, P≤0.01). A correlation was observed in carbohydrate 

content of feeds and caecum weight (r=0.389, P≤0.05) and 

inverse correlation existed between carbohydrate content and 

physical abdominal fat (r=-0.379, P≤0.05). There was 

correlation between fat content and abdominal fat (r=0.712, 

P≤0.01); GIT weight (r=0.541, P≤0.01) and average feed 

intake (r=0.583, P≤0.01); and an inverse correlation between 

fat and GIT length (r=-0.706, P≤0.01), caecum weight (r=-

0.714, P≤0.01) and liver weight (r=-0.407, P≤0.05). A 

correlation existed between average feed intake and physical 

abdominal fat (r=0.863, P≤0.01) and average feed intake and 

GIT weight (r=0.620, P≤0.01). 
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Table 5: Correlation of proximate composition of feeds; average feed intake and weight of internal organs of the rat models 
 

 moisture D matter fat ash D. fiber Protein CHO G. energy Av. feed 

Heart  wgt 0.263 -0.263 -0.036 -0.176 -0.213 -0.157 -0.153 -0.224 0.187 

Caecum wgt -0.284 0.284 -0.714** 0.399* 0.607** -0.050 0.389* -0.191 0.481** 

Liver wgt 0.104 -0.105 0.407* -0.182 -0.057 0.276 0.448** -0.541** -0.038 

Whitfat wgt 0.385* -0.385* 0.712** 0.488** -0.764** -0.290 -0.379* 0.099 0.863** 

Kidney wgt -0.111 0.112 -0.291 0.053 0.255 0.606** 0.034 -0.109 -0.366* 

GIT wgt 0.346* 0.346* 0.541** -0.520 0.626** -0.198 -0.325 0.003 0.620** 

Stomac wgt -0.094 0.095 -0.095 0.065 0.110 0.047 0.091 0.057 0.271 

** Correlation significant at P≤0.01 *Correlation significant at P≤0.05 CHO: Carbohydrates; GIT: Gastro intestinal tract 

 

Discussion 

The concentration of metabolizable and digestible energy 

were greater in non-meat based fed group P<0.05 when 

compared to the meat based fed group, but when compared 

with the control group; the meat based fed group had higher 

values except sample B40S where there was no significant 

difference P>0.05 with reference group. The rats fed FF 

containing high dietary fiber had the highest metabolizable 

energy which is similar to a study on human subjects where 

the group that consumed the highest dietary fiber content had 

a higher metabolizable energy when compared with the low 

dietary fiber group (Baer et al., 1997) [7]. The metabolizable 

energy value of dietary fiber is a function of combustible 

energy content and digestibility (Livesey, 1990) [43]. Dietary 

fiber of feeds correlates positively with metabolizable energy 

at P<0.05 in this study, because the combustible energy of 

dietary fiber is relatively consistent, changes in digestibility 

will affect the metabolizable energy value (Baer et al., 1997) 
[7].  

Protein content of samples correlated inversely with 

metabolizable energy (-0.799) and digestible energy (-0.776) 

at P<0.01 however, there was a significant correlation 

between carbohydrate content of diet and metabolizable 

energy (0.584) and digestible energy (0.564) at P<0.01 which 

is similar to work done by Wang et al. (2104) [73, 74]. There 

was an inverse correlation between protein intake and 

metabolizable energy. This tally with a study carried out on 

human (Baer et al., 1997) [7].  

Metabolizable energy and digestible energy correlate with 

gross energy intake at P< 0.01 in this study as the actual 

metabolizable energy value of mixed diets depends on the 

overall composition of the diet and, thus, it may be more 

difficult to predict the metabolizable energy content of mixed 

foods based on the amount of the individual macronutrients 

(Baer et al., 1997 [7]; Garcia, 2003) [31]. Metabolizable energy 

correlates inversely with sodium, chlorine and potassium 

contents of diets at P<0.05 and positive correlation with 

magnesium and zinc at P<0.05. There was an inverse 

correlation between metabolizable energy and mono-sodium 

glutamate at P<0.01. 

The digestible energy (Kcal) for the FF was more compared to 

the control and reference groups (P<0.001), this could be as e 

result of the fatty acids present in the fast foods since long 

chain unsaturated fatty acids are easily digestible than 

saturated fatty acids (Weiss and Wyatt, 2004 [75]; Harvartine 

and Allen, 2006) [33]. This indicates that the FF would provide 

more energy compared to the control or reference samples. 

Previous studies either measured the energy balance or the 

energy intake to output through bomb calorimetry (Behall and 

Howe, 1996, Garcia, 2003) [31]. or determined the energy 

value through specific calculations or general estimations 

(Mathers, 1992 [49]; Roberfroid, 1999; Garcia, 2003) [31]. The 

digestible energy in this study was calculated using the 

Livesey (1991) [44]. method. There was an inverse correlation 

between fecal energy and moisture content of feeds at P<0.01. 

The sharp increase in fecal weight of group S20T (metabolic 

period 3), group T20R (metabolic period 3 and 5) and group 

S60T (metabolic period 3) might be due to the proliferation of 

beneficial bacteria in the colon (Hylla et al., 1998) [35].  

There was no significant difference in the non-meat based 

group in relation to average weight gain (P>0.05) except in the 

C30R group where weight gain was highest at the end of the 

six metabolic periods. This agrees with the work done on 

resistance starch where there was no significant difference in 

weight gain in all groups (Garcia, 2003) [31].  Though when 

compared with the control and reference groups there 

appeared to be significant difference within groups. This could 

be attributed to the composition of the reference/control diet 

which has lower fat value and decreased overall energy intake 

(food consumption) in these groups in comparison to the fast 

foods sample groups. This corroborates the work carried out 

on rats fed resistance starch where energy consumption and 

weight gain was more in resistant starch group when 

compared with control (Garcia, 2003) [31]. There was no 

correlation between average/total weight gain and protein in 

this study. 

There was significant correlation between protein intake and 

kidneys weight in rat models (r= 0.606; P≤0.01) in this study, 

this may be as a result of the protein being majorly from 

animal sources.  

There was a significant inverse correlation between dietary 

fiber and saturated fatty acids (r= -0.685; P<0.01), cholesterol 

(r= -0.464; P<0.01) and trans fatty acids (r= -0.420; P<0.05) 

in this study. Pereira et al. (2005) [58]. found association 

between increased intake of dietary fiber and lowering of 

blood lipids especially cholesterol, improving glycemic index 

and increasing hyper-insulinemia. Dietary fiber intake has 

been found to increase the process of digestion and bowel 

movement, while inadequate intake was reported to 

predispose consumers to cancer of the colon, constipation, 

irritable bowel syndrome, overweight and obesity, coronary 

heart disease and diabetes (Wu et al., 2003) [78]. Dietary fiber 

has been shown to alter large bowel transit time in dogs 

(Lewis et al., 1994), there was correlation between dietary 

fiber and fecal output at (r= 0.378; P<0.05 in this study. The 

effects of dietary fiber on stool quality may be related to the 

length of cellulose fiber rather than the absolute amount of 

fiber (Wichert et al., 2002) [77]. Similarly, in cats the addition 
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of dietary fiber in the form of long-fiber cellulose enhances 

stool quality (Prola et al., 2010) [61].  

The gross energy intake correlated significantly with fecal 

energy, metabolizable and digestible energy; protein 

efficiency ratio and fat at P<0.01, and correlated inversely 

with urinary energy and protein value at P<0.05 and P<0.01 

respectively which is similar to work done by Pederson et al. 

(2007) and Wang et al. (2014) [73, 74]. 

Increasing evidence associates the consumption of a diet high 

in carbohydrates, with high prevalence of metabolic syndrome 

(Gerritis and Tsalikian, 1993; Mendez et al., 2013), calories 

from carbohydrates ranged from 20% to as high as 71.68% in 

this study. This seems to explain the relatively high weight 

gain seen in S60T-fed rats. 

Fat content of the samples is inversely correlated with ash and 

dietary fiber content P<0.01; and total carbohydrate at P<0.05. 

This is similar to a research done on dietary fiber, 

metabolizable energy and nutrient digestibility of mixed diet 

fed humans (Baer et al., 1997) [7]. where total carbohydrate 

content was inversely correlated with the amount of fat. 

Percentage contribution of dietary fat to this energy value 

ranged from 9.8% to 57.39%, this corroborates the work on 

non-alcoholic liver disease in rats fed westernized diets 

identified that typical westernized diet is rich in saturated fatty 

acids and cholesterol and provides about 35–40% energy from 

fat (Riserus, 2008 [62]; Tang et al., 2014) [66]. This is 

particularly important for young children who have limited 

gastric capacity, provide essential fatty acids and their 

influence on the absorption of lipo-soluble nutrients (Jose et 

al., 1989) [36]. 

Looking at each metabolic period according to weight gain 

there was significant difference in weight gain over the six 

metabolic periods within groups with weight gain increase 

between metabolic period 4 and 5 in samples C50R, T20R, 

T10R and S20T with ≥ 3g. Average weight gain of rats 

correlated positively with white fat weight of rats (0.732 at 

P≤0.01). This is similar to Leibowitz et al. (2007) who 

measured the pre-pubertal weight gain in Sprague–Dawley 

rats on a high-fat diet at 30–35 days of age, the findings 

showed that weight gain is significantly, positively correlated 

with body fat accrual at maturity and more strongly related 

than the pre-pubertal measures of absolute body weight or 

daily energy intake. Average feed intake correlated strongly 

with white fat weight at (r=0.863, P≤0.01), which is similar to 

previous research on winstar rats fed cafeteria diets; the 

cafeteria fed group became heavier in weight than the control 

group which was attributed to the consumption of high energy 

from fat and carbohydrate cafeteria diet (Pinto and Seraphim, 

2012) [59]. 

There was an inverse correlation in average feed intake and 

dietary fiber of feeds which is attributable to an increase 

satiety in the diet of the FF group when compared with the 

control and reference group which are high in fiber value per 

100g of edible portion and positive correlation between 

average feed intake and fecal energy at P<0.01. Average 

weight gain correlated with ash and moisture content 

significant at P<0.05.  

Fecal excretion of rats is similar to human; fecal bulk when 

compared with the control and reference group in this study 

showed a significant difference in group T20R which had the 

highest in all fast food samples. Such an increase in fecal bulk 

was observed with the consumption of resistant starch in rats 

(Garcia, 2003) [31], the greater the resistant starch composition 

of a diet, the greater the fecal bulk (Silvester et al., 1995).  

Organ weight can be the most sensitive indicator of the effect 

of an experimental compound (Michael et al., 2007 [51]; Ajayi 

et al., 2012) [3], as significant differences in organ weight 

between treated and untreated animals may occur in the 

absence of any morphological changes (Bailey et al., 2004 [8]; 

Ajayi et al., 2012) [3]. There were differences in organs 

weights across all groups when compared with the control and 

reference groups which could be attributed to variability in 

feed composition and intake (quantity), feed digestibility and 

utilization as observed by Ferrel and Koong, (1986) [25]. 

Observations from toxicological studies have reported 

complications often due to differences in body weights 

between groups (Ajayi et al., 2012) [3]. Other parameters that 

are commonly used for analysis of organ weight are the ratio 

of the organ weight to body weight (to account for differences 

in body weight) and the ratio of the organ weight to the brain 

weight which are generally classified as relative ratios (Bailey 

et al., 2004 [8]; Ajayi et al., 2012) [3]. Base line information on 

organ-body weight data is very important in various spheres of 

veterinary medicine and biological science (Gangrade, 2009) 
[30]. as any deviation from the normal weight is suggestive of 

the presence of some pathology (Tanna et al., 2011) [67]. In 

this study, the average weight gain correlates positively with 

gastrointestinal tract (GIT) weight at P≤0.01 and inversely 

with GIT length, caecum weight and kidney weight at P≤0.01. 

This may reflect the functional capacity but not the functional 

efficacy of organs to support body size (Ozgur et al., 2006) 
[56].  

Liver weight of C50R-fed rats had a significant difference 

compared to other groups. Liver weight significantly 

correlates with GIT length (r=0.507, P≤0.01), this reflects the 

roles of these organs in nutrients absorption and partitioning 

(Ozgur et al., 2006) [56]. A correlation existed between liver 

and total carbohydrates and fat at P≤0.05 and P≤0.01 

respectively and negatively with gross energy at P≤0.01 in this 

study; this can be attributed to liver being an organ that 

regulates the metabolism of glucose, proteins and fat. Storage 

of lipids occurs in hepatocytes as free fatty acids, triglycerides 

and cholesterol, whereby the liver is the main organ which 

synthesizes triglycerides and cholesterol (Donnelly et al., 

2005) [20].  

Heart weight of C50R-fed rats had a significant difference 

from other groups; most of the fast food-fed rats had no 

significant difference in heart weight from the control, 

reference and baseline groups. These data were consistent 

with the overall trends and incidence and severity of 

cardiomyopathy seen in some comparable studies (Roe et al., 

1995 [64]; Kemi et al., 2000 [39]; Keenan et al.,2000 [39]; Faine 

et al., 2002 [23]; Wan et al., 2003; Keenan et al., 2005) [37].  

Kidneys weight was highest in the reference group, during the 

study there was high mortality rate within this group within 7th 

and 12th week of study which could maybe be associated with 

any form of renal disease, an important co-morbidity factor 

that contributed to the morbidity and the overall mortality in 

the adlibitum fed rats ( Keenan et al., 2005) [37]. these changes 

were gradual and progressive, and correlated with a steady 
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decline in renal function as measured by clinical biochemistry, 

creatinine clearance, urinalyses and urine protein 

electrophoresis, as reported  by Keenan et al. (2000) [39]. The 

early events in the development of chronic nephropathy 

occurs as early as 14 study weeks, with measurable increases 

in kidney size, glomerular hypertrophy, hypertrophy of the 

entire nephron and a loss of renal function in response to the 

metabolic overload from increased food intake and rapid 

growth (Keenan et al., 2000) [39]; and diet-induced 

hypercholesterolemia worsens kidney pathology produced by 

hypertension in Dahl-sensitive rats compared to rats fed a 

regular rat chow low in cholesterol (Tolins et al., 1992 [69]; 

Danda et al., 2005) [18]. 

 

Conclusion and Recommendations 

This study revealed that the more protein and salts in the diet, 

the less the unspent energy derived from the diets; however, 

feeds with higher unspent energy tends to increase organ 

weights and thereby a risk factor to increased pathogenesis of 

diseases and mortality in rats. Based on the findings, it is 

recommended that feed should contain adequate nutrients so 

as to reduce unspent energy, risk factors, and spreading of 

diseases and even deaths in sampled rats. 
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