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Abstract  Article Information 

An experiment was conducted to evaluate the effect of inclusion of dried Cafeteria leftover 
(DCLO) at various levels in concentrate mix (CM) on feed intake, digestibility, average daily 
gain (ADG), feed conversion ratio (FCR), carcass characteristics, and economic benefits of 
weaned pigs at Haramaya university piggery. Twenty Yorkshire pigs with initial live weight of 
19.89±0.297kg (mean±SE) were randomly assigned to four dietary treatments in a completely 
randomized block design each with five replicates. The experimental rations were sole CM 
(mixture of maize grain, wheat short, wheat bran, noug seed cake, soybean mill, vitamin 
premix and salt), replacement of the concentrate with DCLO at different proportions as 
(33%CM and  67% DCLO; 67% CM and 33% DCLO) and feeding with only sole DCLO. The 
mean feed intake ranged 1.6-1.82kg/day and ADG was 0.4-0.64kg/day. The least feed intake 
was for sole DCLO (P<0.05) and the highest for 67% CM:33%DCLO. The FCR (w/w) was 
lowest (P<0.05) for pigs fed 33% DCLO diet, and pigs fed 67% DCLO:33%CM achieved 
highest FCR. Crude protein digestibility did not differ between treatments, but DM, EE and CF 
digestibility increased with increasing level of DCLO in the diets. The mean carcass weight 
(43.7kg-57.02kg) was highest in 67% CM but lowest in sole DCLO. Back fat thickness (2.4cm-
3.2cm (SEM=±0.03)) was lowest in sole CM but highest in sole DCLO. The highest and 
lowest (P<0.05) rib eye area (23.9 cm2-31.9cm2 (SEM=±0.81)) were recorded for sole CM and 
sole DCLO, respectively. Cost of feed per kg weight gain was declined significantly (P<0.01) 
with increasing level of DCLO. Despite the lower production cost of sole DCLO groups, the 
pigs showed lower performance and this must have contributed to lowest net return of the 
groups. Thus, it is concluded that DCLO can replace the conventional concentrate mix up to 
67% without adverse effect on pig performance. 
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INTRODUCTION 
Attaining and sustaining food security are among the 

major concerns of world leaders across the globe. In the 
year 2013, about 842 million people in the world were 
unable to meet their nutritional requirements (FAO et al, 
2013). Governmental programs, policies and projects are 
therefore aimed at ensuring regular food supply 
(especially those with high biological values like animal 
protein), local availability of food stuffs, food safety, 
affordability and accessibility. These goals have mounted 
pressure on livestock industries in devising means of 
increasing productivity and as well meeting the 
consumers’ preference. Based on this demands, there 
has been a rise in the production of foods of animal origin, 
particularly from poultry and pigs in the world. In this 
regard, poultry accounts for about 34 percent and pork 
more than 40 percent share of the global meat protein 
market (FAOSTAT, 2012).  

The world’s tendency to increase pig production as a 
protein source of high quality has been promoted more in 
developing countries, which is necessitated by factors 
such as population increases, more demand for meat and 
increased consumption as rates of poverty decline (FAO, 
2013). Nevertheless, increased animal production is 
accompanied by increased demands for feeds, 
particularly for ingredients which have high protein and 
energy values. This may be, however difficult to achieve 
under the scenario where population is ever increasing 
and production of grains per unit area remain low, 
particularly in developing countries leaving little 
opportunity of having surplus grains to formulate livestock 
feeds economically (Christopher et al., 1997). According 
to FAO (2011), increment of monogastric animal 
production and the more intensive feeding systems with 
improved genotypes resulted in relatively greater demand 
for higher quality concentrate feeds. Thus, availability and 
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supply of grains and protein foodstuffs is likely to become 
more limited (Close, 1993; Amaefule et al., 2006).  

 
One of the options to cope up with this problem is to 

partially replace the conventional concentrate feeds by 
cafeteria leftovers. With new technology, waste along the 
human food supply chain could be used as a partial 
substitute for cereal in animal feed (FAO, 2011). Apart 
from its importance in animal feed, it also supports a 
growing green economy and greatly reduces pressures on 
biodiversity, environments and water resources, a truly 
‘win-win’ solution (FAO, 2011). In accordance, studies by 
Luu et al. (2003) have shown that good economic return 
in pig production can be achieved by use of local feed 
resources instead of commercial concentrates. The use of 
by-products from agricultural, industrial processing and 
left over, such as cafeteria left over (Luu et al., 2000) is a 
good alternative  which can help improve producers' 
economic returns.  The use of food wastes as animal feed 
is an alternative of high interest since it produces an 
environmental and public benefit besides reducing the 
cost of animal production (Westendorf et al., 1998; Myer 
et al., 1999; Westendorf, 2000).  

 
Although, the chemical composition of food leftover is 

variable, food wastes are generally high in fat and 
moderately high in protein and ash (Korneygay et al., 
1970; Myer et al., 1999). The digestibility of nutrients in 
food wasted is generally not poor. Westendorf and Dong 
(1997) reported high protein digestibility in food waste diet 
than in a corn-soybean meal diet (88.2% vs. 84.3%). 
Likewise, Myer et al. (1999) reported moderately higher 
protein, digestibility and available lysine in dried food 
waste relative to soybean meal, which is known to be 
excellent for these nutrients. Food leftovers are widely 
available in higher learning institutions and colleges’ 
cafeteria, private restaurants and hotels and private 
cafeteria in Ethiopia. However, information on the use of 
the mixture of cafeteria leftover with concentrate as swine 
ration is generally scant and it is not studied under 
Ethiopian condition to make recommendation for use by 
producers. Thus, this experiment was conducted to 
investigate the effect of dried cafeteria leftover inclusion in 
conventional concentrate mixture on growing pig 
performance and economic benefits.  
 
MATERIALS AND METHODS 
Description of the Study Area 

The experiment was conducted at Haramaya 
University pig farm which is located at 420 3’ E longitudes, 
90 26' N latitude, altitude of 1980 m.a.s.l and a distance of 
515 km east of Addis Ababa. The mean annual rainfall of 
the area amounts to 780 mm and the average minimum 
and maximum temperatures are 8.5 and 23.4 0C, 
respectively (Mishra et al., 2004).  

 
Experimental Animals and their Management 

Twenty healthy growing Yorkshire pigs with an 
average initial body weight of 19.89±0.297g (Mean ±SE) 
were selected from the University piggery.  All animals 

were dewormed with Ivermectin injection, sprayed with 
Diazinone against external parasites and vaccinated 
against foot and mouth (FMD) disease before starting the 
experiment. The pigs were housed and handled in an 
individual pen furnished with feed and water troughs. The 
pigs were blocked based on their initial body weight into 
four blocks of five pigs, and each animal within each block 
were randomly assigned to one of the four dietary 
treatments. The pigs were individually housed in 1.2mx 
0.7mx0.96m concrete room. Feeds were provided twice a 
day at 7:30 AM and 3:30 PM ad libitum and water was 
provided free access. The pigs were weighed individually 
at the beginning and subsequently every 7 days during 
the experimental period. Based on their body weight 
change, the feed offered to individual pig was adjusted to 
ensure that they obtained feed at a rate of 4% (Okeke, 
2007) of their body weight during the subsequent week 
days. Feed refusals were collected, weighed and 
recorded every morning at 7:00 AM before offering the 
next ration. The experiment was conducted for 90 days.  

 
Dietary Treatments 

The ingredients used in the rations formulation were 
maize grain, wheat short, wheat bran, noug seed cake, 
soybean mill, cafeteria leftover, vitamin premix and salt. 
The food leftover was taken from Haramaya University 
students’ cafeteria. The wet cafeteria leftover was sun-
dried for four consecutive days by sparsely spreading on 
canvas. It was hand stirred four times a day to enhance 
better drying and put indoors every evening to minimize 
reabsorption of moisture. The dried cafeteria leftover was 
tested weekly to determine whether its moisture content is 
at the recommended level for safe storage. The moisture 
content of the cafeteria leftover was 60-65% and 8.9% 
before and after drying, respectively. After the amount of 
dried cafeteria left over (DCLO) required for the entire 
experiment was secured, it was thoroughly mixed and 
placed in sacks until it was ground and used. The main 
constituents of the cafeteria left over were the traditional 
Ethiopian pancake “Enjera” which is made up of a cereal 
grain “Teff” and bread made of wheat flour. 

 
All the ingredients, except soybean meal, wheat short, 

wheat bran, and vitamin premix were hummer milled to 
pass a 3 mm sieve size and made ready for formulation of 
the experimental rations. Experimental rations are shown 
in Table 1. Except cafeteria leftover alone, the three 
treatment rations were formulated on an isonitrogenous 
basis having 18% crude protein. Ration 1 (T1) contains 
only mixture of conventional concentrate ingredients. 
DCLO inclusion was 33% and 67% in rations 2 (T2) and 
ration 3 (T3) in daily offer, respectively and ration 4 was 
sole DCLO (100%). Vitamin premix was added equally to 
rations 1, 2 and 3 while not included in sole DCLO. Salt 
was added based on the level of DCLO and CM in the 
ration, and the sole CM, 33% DCLO and 67% DCLO 
received salt accordingly, but laboratory test showed that 
100% DCLO contain the recommended amount of salt 
and did not require additional salt.  

 
Table 1: Initial ingredients used in the ration formulation of growing pigs 

Ingredients Treatments (% DM) 
T1 T2 T3 T4 

Concentrate mix (%) 100 67 33 - 
Dried Cafeteria left over (%) - 33 67 100 
Vitamin premix 0.1 0.1 0.1 - 
Salt 0.2 0.1 0.1 - 
Total (%) 100 100 100 100 

(-) indicates no inclusion of the ingredient 
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Feed Sampling and Processing 
Representative samples of feed offered were collected 

once per day and pooled by feed type for the entire 
experimental period. After thorough mixing, the pooled 
samples were sub-sampled and dried at 60οC to constant 
weight for chemical analysis. The   dried feed samples 
were finely ground to  pass through 1 mm sieve size and 
stored in an air tight plastic bags pending chemical 
analysis. Dry matter (DM) content of the feed was 
determined by drying representative feed samples in a 
forced draft oven at 105°C overnight. 

 
Feed Intake, Body Weight Change and Feed 
Conversion Ratio  

Daily diets were weighed and recorded while offering 
to the animals. Feed refusals were collected and weighed 
to determine daily feed intake. Initial body weight of 
weaned pigs was recorded on the first day of the 
experiment and every week in the morning before feed 
offering during the entire experiment using animal 
weighing scale. Weekly body weight measurement was 
partly adjusted for the amount of feed offer. Feed 
conversion ratio (FCR) was determined by dividing the 
amount of feed intake day-1 to daily body weight gain of 
the animal. 

 
Apparent Digestibility  

Digestibility trial was conducted at the beginning of the 
experiment after an adaptation period of 15 days to the 
experimental pens and diets. The animals were adjusted 
to carrying of fecal bags for seven days and feces were 
collected for another seven consecutive days. The feces 
collected each day per animal were weighed and 15% 
was sub-sampled and stored frozen at -20 oC, and pooled 
over the collection period. At the end of the digestion trial, 
the fecal sample from each animal was thoroughly mixed 
and 15% composite sample was taken and thawed to 
room temperature, weighed and dried at 60 °C for 72 
hours. The partially dried sample of feces were ground to 
pass 1mm sieve and stored in airtight polyethylene bag 
pending for chemical analysis. 

 
Carcass Evaluation 

At the end of the feeding trial, four pigs from each 
treatment were fasted for 12 hours and slaughtered for 
carcass analysis. Animals were weighed immediately 
before slaughter. The pigs were laid by grasping the leg or 
opposite side and rested on its back. An incision of about 
2 to 4 inches long was made from the point of the breast 
bone forward on the exact middle of the neck to exactly 
harm the heart. As soon as the pig’s body bled completely 
and life was extinct, the blood on the carcass was wiped 
off and the hair was removed by burning using 
pressurized fire.  After dressing and evisceration, hot 
carcass weight was taken and recorded to assess 
dressing percentage on slaughter body weight basis. The 
offal’s were removed after an incision given in the middle 
of the belly from abdomen to thoracic cavity and cut open. 
The body cavity was thoroughly washed with cold water. 
Empty stomach, large intestine, Kidney, heart, lung and 
liver weight were taken. Kidney fat was measured after 
detaching the kidney from its covering fat. The carcass 
length (cm) was measured in the straight line from the 
cranial (anterior) tip of the aitch bone to the cranial edge 
of the first rib and next to the vertebra. The back fat 
thickness was measured as the average of first rib, last rib 
and last lumber vertebra fat thickness. The rib eye area 

measurement was done at 10th and 11th ribs after the 
carcass was cut perpendicular to the vertebral bone.  

 
Diet Profitability  

The partial budget analysis was employed (Upton, 
199) to determine the profitability of incorporation of 
different proportions of DCLO in the diets of pigs.  The 
partial budget analysis involved calculation of the variable 
costs and benefits. Partial budget analysis was used to 
measure the pig, feed and labor costs and the profit after 
the experiment, or differences between gains and losses 
for the proposed change. The net income (NI) was 
calculated by subtracting total variable cost (TVC) from 
total return (TR) and calculated as NI=TR-TVC. 

 
The change in net income (∆ NI) was calculated as the 

difference between the changes in total variable cost 
(∆TVC), and is calculated as follows. 

 

∆NI= ∆TR-∆TVC 
 
The marginal rate of return (MRR) measured the 

increase in net income (∆NI) associated with each 
additional unit of expenditure (∆TVC) 

 

MRR = ∆NI/∆TVC 
 

Chemical Analysis of Feeds 
Feed samples were analyzed for dry matter (DM), 

ether extract (EE), crude fiber (CF) and ash content 
according to AOAC (1990). Nitrogen content of the feed 
was determined using Kjeildhal procedure to calculate 
crude protein (CP) value as CP= N*6.25. Atomic 
Absorption Spectrophotometer method for Calcium and 
Colorimetrical method for phosphorus determination were 
used. Metabolizable energy (ME) of the experimental 
diets was determined by indirect methods, according to 
Wiseman (1987) as follows: 

 

ME (Kcal/kg DM) = 3951 + 54.4 EE - 88.7 CF - 40.8 Ash 
 

Statistical Analysis 
The data collected were analyzed using the general 

linear model (GLM) procedure of Statistical Analysis 
System (SAS, 2008) version 9.1.3 software program. 
When the analysis of variance indicated the existence of 
significant difference among treatment means, Duncan's 
Multiple Range Test (DMRT) was employed to  separate 
the  means at α=0.05. The following model was used for 
the experiment. 

Yij    = µ + Ti + Bj +eij 
 

Where Yij = represents the jth observation (experimental 
unit) taken under treatment I; µ = over all means; Ti = ith 
treatment effect; Bj = block effect and eij = is a random 
error component that incorporates all other sources of 
variability in the experiment. 
 
RESULTS 
Chemical Analysis and Nutritive Value 

The DM content of all ingredients falls within the 
narrow range of 90-93% (Table 2). The CP content of 
DCLO was slightly higher than that for maize grain. DCLO 
has the highest EE content than the other ingredients with 
the least for wheat short. Noug seed cake has the highest 
ash and crude fiber among all other ingredients. Ca 
content was highest in pigs fed DCLO but P is for those 
consumed soy bean meal. 
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Table 2: Chemical composition of feed ingredients used in the experimental ration formulation (DM basis) 

Chemical 
Components 

Ingredients (%) 

DCLO Noug seed 
Cake 

Soya bean 
Meal 

Maize 
Grain 

Wheat 
Short 

Wheat  
Bran 

DM 91.2 92.1 93 90 90 90.5 
CP 9 29.6 39.0 8.5 14.7 16 
EE 13 8.1 9.2 6.2 3.3 4.2 

ASH 7.6 9.1 5.8 5.9 5.5 6.1 
CF 3.6 18.3 5.7 2.8 9.9 12.4 
Ca 0.8 0.35 0.35 0.02 0.19 0.2 
P 0.71 0.32 0.83 0.82 0.78 0.79 

ME(Kca/kg) 4028.8 2395.8 3710.95 3798.7 3030.7 2402 
DM = dry mater; CP = crude protein; EE = ether extract; CF= crude fiber; Ca = calcium; P = phosphorus; 

ME = metabolizable energy, kcal = kilocalorie; kg = kilogram. 
 

Feed Intake 
The total and average daily feed intake in all 

treatments consistently increased with increase in 
proportion of DCLO in the diet (Table 3). Nevertheless, it 

was lower (P<0.001) for pigs consumed sole DCLO diet 
but no difference was observed between pigs fed the 
other treatment diets. The CP intake (CPI) and CF intake 
CFI) was higher for pigs offered CM mixes than DCLO. 

 
Table 3: Nutrient intake of pigs fed ration containing different levels of dried cafeteria leftover 

Items 
Treatments 

T1 T2 T3 T4 SEM SL 
ADFI (Kg/day) 1.7a 1.79a 1.8a 1.6b 0.03 *** 
TFI (kg) 156.5a 161.1a 163.7a 144b 0.31 ** 
OMI(kg/day) 1.7a 1.73a 1.75a 1.5b 1.35 *** 
CPI (kg/day) 0.31a 0.31a 0.32a 0.27b 1.42 *** 
CFI (kg/Day) 0.22a 0.2a 0.14b 0.1c 0.34 **** 
MEI(Kcal/kg) 3924.6a 3935.52a 3942a 4028.8b 0.08 ** 

abcMeans within the same row bearing different superscripts are significantly different; * = P<0.05, 
** = P<0.01,***=P<0.001, ****=P<0.0001; SEM = standard error of mean; SL = significant level; 

ns= non-significant; ADFI = average daily feed intake; TFI = total feed intake; CPI= crude protein intake; 
CFI= crude fiber intake;  ADG = average daily gain; T1=sole concentrate mix; T2=33% DCLO:67% CM; 

T3=67% DCLO:33CM and T4=100% DCLO; CM= concentrate mix. 
 

Nutrient Digestibility  
The digestibility of CP is not affected by levels of 

DCLO inclusion in the ration but that of the DM, CF and 
EE increased with increasing DCLO levels in the dietary 
mix.  

 
Table 4: Nutrients digestibility in pigs fed ration containing different levels of DCLO 

Parameters 
Treatments SEM SL 

T1 T2 T3 T4 
DM 85.8b 86.3b 89.3a 91.7a 0.38 ** 
CP 87.4 87.82 87.0 88.6 0.34 ns 
CF 50.6d 54.4c 60.8b 67.6a 1.51 ** 
EE 61.7d 75.4c 86.5b 90.2a 2.48 *** 

abMeans within the same row bearing different superscripts are significantly different; * = P<0.05; 
** = P< 0.01; ***= P< 0.001; ns = not significant; DM = dry matter; CP = crude protein; EE = ether extract; 

CF = crude fiber; DCLO = dried cafeteria leftover; SL= significant level; SE = standard error of mean; 
T1=sole concentrate mix; T2=33% DCLO:67% CM; T3=67% DCLO:33%CM and T4=100% DCLO. 

 
Body Weight Change and Feed Conversion Ratio  

The total and average daily body weight gain (ADG) of 
pigs was positive for all treatments (Table 5). The final 
weight, TBW gain and average daily gain (ADG) of the 

pigs were increased with increase in levels of DCLO in the 
dietary mixture except for sole DCLO diet.   The FCR was 
in reverse trend with ADG of the pigs. 

 
Table 5: Body weight change and feed conversion ratio in pigs fed ration containing different levels of DCLO 

Items 
Treatments 

T1 T2 T3 T4 SEM SL 
Initial weight (kg) 19.8 19.9 19.9 19.9 1.13 ns 
Final weight (kg) 68.3b       70.0b      77.4a       60.0c       1.68 *** 
TBW gain (kg) 48.4b       50.1b       57.3a       40.0c       1.32 *** 
ADG (Kg/day) 0.54b       0.56b       0.64a       0.40c       0.01 ** 
FCR (Feed/Gain)  3.3b       3.2b       2.86a       4c       0.05 * 
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Carcass Characteristics 
Feeding pigs with ration containing 67% CM and 33% 

DCLO significantly improved (P<0.01) carcass weight and 
carcass length (Tables 6) above all other treatments.  
Dressing percentage (P<0.01) and backfat thickness 
(p<0.05) were consistently increased with increase in 

DCLO levels in the diet. However, the results for rib-eye-
area (p<0.01) showed the opposite trend. Pigs consumed 
67% DCLO and sole DCLO rations had lower weights of 
empty stomach (P<0.01), heart (P<0.05) and large 
intestine (P<0.01) than the other groups.  

 
Table 6: Carcass characteristics of pigs fed ration containing different levels of DCLO 

Variables 
Treatments 

T1 T2 T3 T4 SEM SL 
Carcass Weight (kg) 48.4bc 50.4b 57a 43.7c 1.38 ** 
Carcass length (cm) 70.2a 71.2a 71.8a 66.9b 1.42 * 
Dressing Percentage 68.1b 68.9b 73a 73.9a 0.55 ** 
Back Fat Thickness (cm) 2.4b 2.46b 2.5b 3.2a       0.03 * 
Rib eye area (cm2) 31.9a 31.4a 29.6a 23.9b 0.81 ** 
Empty stomach (kg) 2.3a 2.1a 1.8b 1.4c 2.5 ** 
Large intestine (kg) 2.1a 2a 1.6b 1.3c 1.61 ** 
Kidney Fat (g) 65b 68ab 70a 71.2a 1.1 * 
Liver Weight (g)  1060c 1130c 1230b 1380a 3.77 ** 
Heart Weight (g)  326a 322.2a 310b 294c 3.65 * 
Kidney Weight (g) 344 339 341 338 4.7 ns 
Lung Weight (g) 982 978 979.6 980.5 11.63 ns 

abcMeans within the same row bearing different superscripts are significantly different; * = P<0.05,  
**= P<0.01; SEM = standard error of mean; SL = significant level; CM= concentrate mix alone;  

ns = not significant; DCLO= Dried cafeteria leftover alone; T1=sole concentrate mix;  
T2=33% DCLO:67% CM; T3=67% DCLO:33%CM and T4=100% DCLO. 

 
Profitability Analysis 

Ration containing different levels of DCLO was 
economically feasible than the concentrate mix in feed 
cost/kg per pig (Table 7). Pigs fed sole CM had the lowest 

net return compared to the other ration combinations and 
the economic return was more promising for pig fed 67% 
DCLO containing ration. 

 
Table 7: Economics of pigs fed ration containing different levels of dried cafeteria leftover 

Variables              Treatments 
T1 T2 T3 T4 

Pigs Cost (birr/pig) 794 796 794.8 798 
Total Feed Consumed (kg/pig) 179 174 182 160 
Total Feed Cost (birr/pig) 970.2 794.8 510.3 50 
Transport Cost (birr/pig) 120 70 36 20 
Average Carcass Weight (kg/pig) 50.42 48.39 59.02 38.7 
Price/kg of Carcass (at HU, birr/kg) 50 50 50 50 
Labor Cost (birr/pig) 0 50 100 200 
Total feed cost  (birr) (TVC) 1090.2 914.8 646.3 430 
Gross income (birr/pig) 2521 2419.5 2951 1935 
Total returns (birr/ pig) (NI) 1727 1623.5 2156.1 1137 
Net return (birr/Pig) 636.8 708.7 1509.8 707 
Change in total return (∆TR) - 103.5 429.1 590 
Change in net income (∆NI) - -71.9 -873 -70.2 
Change in total variable cost (∆TVC) - 175.4 443.9 660.2 
MRR ( ∆ NI/ ∆TVC) - -41 -196.7 -10.6 

TVC = total variable cost; MRR = marginal rate of return;  
HU = Haramaya university; CM= concentrate mix alone; 

33%DCLO = concentrate mix (67%) + dried cafeteria leftover (33%); 
67%DCLO% = concentrate mix (34%) + dried cafeteria leftover (66%); 

T4 = dried cafeteria leftover alone (100%); T = Treatment. 
 

DISCUSSION 
Chemical Composition of Feed Stuff 

The DM content of DCLO (91.2%) compared to the 
average of the DM contents of the concentrate mixes 
(91.12%) in the present study indicates comparable feed 
intake of the animals if offered the same weight of fresh 
matter. This was indicated by non-significant variations in 
TFI values among T1, T2 and T3. But, the CP value for 
sole DCLO is lower than a threshold required for optimum 
growth performance of swine (NRC, 1998) when used as 
a sole feed. NRC (1998) indicates that growing pigs 
require 17.2 to 20.0% CP in the diet intake/day depending 

upon body size. The CP was also lower than the value, 15 
to 23%,  reported by Westendorf et al. (1996) and 20-28% 
reported by Westendorf et al. (2000) for DCLO which is an 
attribute of the difference in the composition of the food 
waste used. The lower value of CP below the NRC (1998) 
standards and most reports from other studies indicates 
that DCLO in the current study needs supplementation 
with other diets of higher CP content. The higher ash 
content for DCLO in the present study could be due to 
addition of common salt during food cooking. In similar 
way, the highest EE in DCLO of the present study, as 
compared to the average value for other concentrate 
mixes, could be from the oils and /or butter added during 
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food preparation in the cafeteria. Fat content of 17 to 24% 
and ash content of 3 to 6% were also reported in previous 
studies (Pond and Maner, 1984; Ferris et al., 1995; 
Westendorf et al., 1996).  

 
Feed Intake 

Absence of significant difference in feed intake among 
the groups fed with sole CM, 33% DCLO and 67% DCLO 
rations imply that feed intake was not hampered by the 
current levels of DCLO inclusion. Rather it was affected 
by levels of CM inclusion in the dietary mix. The higher 
organic matter intake (OMI) in pigs consumed CM 
compared to those fed DCLO is most likely due to less 
energy and/or nutrient concentration of the former 
compared to the later (McDonald et al 2007). On the other 
hand, since the CF content is higher in CM compared to 
DCLO, the intake is expected to be lower. However, it 
must be the microbes residing in the large intestine of pigs 
that assisted digestibility of fiber in CM so that intake was 
higher for pigs consumed CM (Lindberg, 2014). Such 
higher intake of fiber might have led to lower passage rate 
which ultimately resulted in lower digestibility in these 
groups (Klinger et al 2006). The digestibility of diets  
determine feed intake in growing pigs since  it is highly 
correlated with the volume of digesta which in turn exerts 
an effect on gut filling capacity as well as the appetite 
(Whittemore, 1993; Noblet and LeGoff, 2001). On the 
other hand, dietary amino acid imbalance normally leads 
to marked reductions in both feed intake and growth rate 
in animals (D’Mello, 2003). Kyriazakis et al. (1990) 
reported growing pigs chose to eat more of a diet with a 
protein:energy ratio closer to the optimal for growth than 
one with a lower ratio. Increased viscosity in the small 
intestine might slow gut transit time due to suppressed 
intestinal contractions (Cherbut et al., 1990) which in turn 
leads to less mixing of dietary components with 
endogenous digestive enzymes affecting feed intake.  

 
Digestibility 

The increased DM digestibility with increase in levels 
of DCLO inclusion in the diets of pigs could be due to the 
existence of more soluble components in the later. In 
addition, since the later is cafeteria leftover, there was a 
chance for the food to be exposed to heat treatment 
during cooking and such kind of heat treatment increases 
digestibility of food (Almeida et al 2014).  Absence of 
variation in crude protein digestibility among dietary 
treatments might be due in part to the influence of the 
proportion of the mix in the diets. The result is not 
congruent with the finding of Rivas et al. (1994) who noted 
decreased crude protein digestibility as the proportion of 
restaurant waste increased in the diet. The difference 
might be emanated due to differences between food 
leftover obtained at different time and variable nature of 
food waste. Digestibility of CF consistently increased from 
sole CM to sole DCLO. This could be due to higher intake 
of CF that consequently resulted in lower digestibility 
(Longe and Fagbenro-Byron, 1990) in pigs fed 
concentrate mixes. Digestibility of crude fiber is of a 
concern in swine diets because its poor digestibility can 
reduce the apparent digestibility of other dietary 
components such as protein (Myer et al., 1997). The 
digestibility of EE in sole DCLO fed pigs might be due to 
the lower level of CF and oil form  of  the lipid in DCLO 
added during cooking implying that increased level of 
DCLO in the ration increased EE digestibility. Higher 
levels of EE in the present study must have also 
contributed to higher DM digestibility above. In previous 

studies, Rivas et al. (1994) and Westendorf (1998) noted 
superior digestibility of food waste EE as compared to the 
corn-soybean diet. 

 
Body Weight Change and Feed Conversion Ratio 

The lack of difference in ADG between pigs in 33% 
DCLO and the sole CM implies the nutrient contents in 
these dietary treatments elicit similar body weight gain. 
Highest weight gain in group fed with the ration containing 
67% DCLO can be attributed to the high energy content of 
DCLO and balanced nutrient as a result of the proportion 
between DCLO and CM at this level. The lower growth 
performance of pigs fed sole DCLO diet, while the energy 
content of the diet they consumed is highest, is an 
attribute of the lower crude protein contents and 
consequently to the deficiency of essential amino acids. 
Desehibwa (1999) also reported slow growth of pigs fed 
with diets of low CP. Chao et al. (2008) noted that market 
weight is delayed by 35 days in pigs fed fermented food 
waste. Energy density (NCR, 1998) and balances for 
specific nutrient groups such as carbohydrates, fat, and 
protein (Revell and Williams, 1993) are known to influence 
voluntary feed intake, which in turn affect the growth 
performance of pigs.  

 
Carcass Parameters  

The reason for inferior performance of pigs fed sole 
DCLO in carcass weight compared to those fed CM was 
that sole DCLO and 33% DCLO has higher CF than 67% 
DCLO which affect intake and thereby body weight gain 
and subsequently reflected on carcass parameters. This 
result agrees with Chae et al., (2000) who reported 
improved feed quality through mixing with protein and 
energy source diets which improved digestibility and body 
weight gain. The feeding level, pattern and protein: energy 
ratio of the diet, together with the genetic growth potential 
of pigs determine the growth rate and composition of 
weight gain at both whole-body and muscle level and 
intern affect carcass weight (Lebret, 2008; Merck, 2008). 
The lower dressing percentage in pigs fed sole CM than 
pigs in 67% DCLO and sole DCLO (P<0.01) was probably 
due to the increased weight of visceral organs, 
gastrointestinal tract and digesta, which was also noted in 
other studies where pigs were fed with high-fiber diets 
(Jorgensen et al., 1996; Qin et al., 2002). Pigs consumed 
sole DCLO has lower hot carcass weight than other 
groups which was attributed to low final body weight, 
which was the result of low nutrient contents of the diet 
and moderately high ash contents.  

 
The highest backfat thickness in pigs fed sole DCLO 

was probably due to higher EE composition (Margareth et 
al., 1999) of the ration compared to the rest dietary 
treatments. This can also be explained as the sole DCLO 
ration has higher energy and lower protein contents as 
compared to other dietary treatments. This has negative 
impact on loin eye area when protein is below the 
recommended level.  It is also reported by other authors 
that the effects of dietary energy on back fat thickness 
have been shown to be variable. In one of the study by 
Beaulieu et al. (2009) increased energy did not influence 
back fat thickness, but in another experiment, back fat 
thickness increased and loin area declined as dietary 
energy increased, which is similar to the present study. 
Peterson (1967) and Myer et al. (1999) found that food 
waste did not affect carcass parameter when nutrient 
requirement is met. Peterson (1967) found no differences 
in dressing percentage and loin-eye area among pigs fed 
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food waste, food waste plus supplement, or concentrate 
diets having balanced nutrients. Apple et al., (2004) and 
Lawrence et al., (1994) also observed increased back fat 
thickness with increasing dietary energy. The effect of 
reduced CP concentration in the ration on carcass fatness 
is in agreement with Kay and Lee (1998). They reported 
increased level of back fat deposition in growing-finished 
pigs as protein level is reduced. 

 
The higher empty stomach and large intestine values 

for the pigs fed conventional concentrate mix (sole CM) 
could be attributed to the higher crude fiber level. Shurson 
(2003) reported significant changes in the mass of the 
gastrointestinal tract and other intestinal organs as a 
result of feeding diets based on 5% wheat bran, as a 
source of high insoluble fibre to pigs. The increase in the 
stomach and large intestine weights for concentrate mix 
diets alone observed in the current study is in line with the 
finding of Shurson et al. (2003) and Chesson (1995). But, 
absence of difference in lung weight and kidney weight 
between pigs fed all dietary treatment indicates that the 
changes of these organs are not directly related to fiber 
content of dietary treatments. If feed offered to animal has 
optimum nutrient for better animal performance, feed has 
no effect on carcass length, this could have been entirely 
dependent on the breed (Fisher and Boorman, 2003).  

 
Economic Analysis  

Despite the fact that sole DCLO is the cheapest diet it 
failed to promote optimum growth of the pigs to their 
genetic potential implying that its use as a sole diet cannot 
be justifiable. On the contrary, performance of pigs 
consumed 67% DCLO validate the importance of using 
DCLO in combination with other feed ingredients and it 
has good nutritive value for growing pigs when used as a 
replacement to convectional concentrates at even high 
level such as used in the present study.   

 
The control treatment had the lowest net return (636.8 

Birr/pig; One US Dollar is currently equivalent to about 
21.4 Birr) compared to the ration containing DCLO, which 
was in the range of 707-1483.57 Birr. The result was even 
more promising for pig fed 67% DCLO ration with the 
highest net return of 1509.8 Birr. This might be associated 
with the highest body weight gain and highest feed 
conversion efficiency. This result was coincided with 
Westendorf et al. (1998) who concluded that growing or 
finishing pigs fed food waste performed nearly as good as 
pigs fed a traditional diet when the food waste was 
supplemented with corn. The MRR implies that each 
additional unit of 1 Birr per pig cost increment resulted in 1 
Birr and additional 0.41, 1.96 and 1.06 Birr/pig profit for 
33% DCLO, 67% DCLO and sole DCLO, respectively. 
The overall results of the present experiment show that 
replacement of concentrate mix by 67% DCLO can be 
used for formulation of least-cost swine ration without 
adverse effect on the overall pig performance.  

 
CONCLUSIONS  

This experiment demonstrated that inclusion of 
different levels of dried cafeteria left over in concentrate 
mix bring change on feed intake, feed conversion 
efficiency, body weight gain, nutrient digestibility, carcass 
parameters and economic benefit between treatments. 
Pigs fed on 67% DCLO diet improved these parameters 
as compared to pigs fed sole CM. Thus, it can be 
concluded that inclusion of DCLO in CM ration up to 67% 
DCLO would be a better feeding strategy to improve the 
performance of Yorkshire pigs.  
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